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(54) IMAGE PROJECTING DEVICE AND METHOD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an image projecting device 
capable of correcting the distortion of projection and reducing the 
calculation error of a transformation parameter by automatically 
measuring the coordinates of a screen. 

SOLUTION: This image projecting device is provided with a projection 
part 113 performing the projection to a projection surface 101, an image 
pickup part 102 picking up a measuring point, a projection designating 
point and an image, an image memory 106 for storing the picked up 
image, a mode input part 103, projection parameter estimation parts 107 
to 1 1 0 estimating the coordinate transformation parameter of a 
screen/surface-to-be-projected, a projection designating point 
coordinate measuring part 1 1 1 measuring the coordinates of the 

projection designating point, a memory 1 12 for storing the. 

transformation parameter and the coordinates of the projection 
designating point, a projected image storage part 1 1 6 for storing the 
projected image, a projected image selection part 114 selecting the 
optional projected image, an assumed projected image generation part 
1 1 5 generating an assumed projected image and a screen/ surface- to- 
be-projected coordinate transformation part 1 1 7 for transforming the assumed projected image to the image of a 
surface-to-be-projected coordinate system. 
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Sj^^fB 1 1 3 ©SJfeitt (-2 ptt) i colfefei^ffi 

[0 0 4 51 '*^c. a^fB l 0 2 (01) (DlxVXcf',!^. 
SrlS^t a^lfBl 0 2<0^«l:^[6lSr2tt::^|6], CC 
D^^ffiSr X y ¥Si tX*;^ 2 0 4.=Srf?3ei- 

5o - 

[0 0 4 6] -^fc, XcYcSpffifCip^T'iCCD^^E-h 
tC^g|$tv?>«^ffiffie(* (xc. yc) 2 0 5<Dm^ 

(±. *«feSEi 0 2©3feW (Zctt) l?z:<nWSmht^lo 

[004 7] ^fc. mm 1 1 ssTJJfi^ias 102 

-ttT.mM-^8gPiFp2 0 6 t»<,^8EfiiFc2 0 7 Sr^-T 

[ 0 0 4 8 J JSXT. ±IE© i 5lc«^^ttfciif^lia]^^ 

[ 0 0 4 9 ] ig 3 :ifm^(r>m'$m.^Wt(D^ffkm 

(4. < ^-^ y :/V'-v'3VMfS (;^x j/-7°3 0 1~ 
';^x>y7'3 1 1 ) Si^^Q-S' (o^xy7'3 1 2:~;^xs/ 

<3S:4> 
= • . si = L 

■ " ' SI = Trans [kXXwl kXYwl k] 

111 12 13 1 

L = I 15 16: 17 1 
— 118 19 11 

CI = Trans [xcl ycl . I] 
ft^b. ia-§-| I rttr^lJSr^L. Trans □ (4te«=fT?"J 5o ^tt^-^T^ 



18 

*7°3 1 7). <D2oW^a3ilTliiP^i-5r t;ei5T*t ?)o 
' [0 0 5 0] *^)]JC:?r-Y y T'V-— v-a ^-toS (^^Xj/T* 
3 0i ~x^7's'y3 1 1) (COl^^T^PJ-rS. 

[005 1] *-f , ^- KA;^«FB 103 ^c*J^,^-c^|Jffl# 

f$. )i<D^^1i^ h(0-Kti J; o T Y y y u— i/' g 
K/!i5^;£$ixS (;^7^^7'.3 0 1) ;t\ gj^gB 1 1 3:65 
{7^7- v-f^ 0 2) -ca^lfBl 0 2;iS!g 
3tfl«cSr^T-^tfJ:5l-i|j^i^n5 (^7^5/^3 0 

3) o 

10 [0 0 5 2] KA;t)$l51 0 3*5X>1' -yf^-l 0 4^0 
N:t^<i8tt-f-5 fci6. a^gp 1 0 2 ^ixfciii^fiA 
/D^l^m 10 5 fcA;^j$ti.. A/D^lSl$^^•C7^-^ 
^J'/V'H^t UTiii^;''^ y 10 6 {c*&^§H5c 
[0 0 5 3] ia4H. «^$tufclli^(Dl?J$r^-ri2IT'fc 
■ 5. Ill4{;i*5l/'>T, I§]2 i:|Sl#cDt,<Ol-f4> ©^-^ 
Srf+LTV^5„ ' , • , - • 

[ 0 0 5 4] i<fc(w, ffai-^ttffl§B 1 0 7('*5l/^T. ilj^ 

ffil 0 1 ±(DW-iB[|,^ 2 1 1 =Sriii^M3ffikJ;oTttaiL. 
20 -t:©«^ftffiM«- (xc. yc) Srtll;^-r5(;^7^S'7'3 0 

4) o 

[00 5 5] ^TC0thS!l,^2 1 1 iCOl^Tr^T Ottffl?: 
Ufcd=>'^ai ^J' (;^v^s/:/2 O 6) ^TUT^> 
/i(tH«;=^f' s/7'3 0 4 wiaSiSri^!3S-t-. fa^. tfill 

/^2 1 1 tei^fg*,'^2 0 8 0®^±-COiaS"Jt±^ 

[ 0 0 6 6 1 wiCi wsm-:^'^ y -^>mmm:^<7 :f- 

-r^ m£M 10 8 (;:*3i >T , ^'Smmm^ t ;^ ^ y - >'M 
30 7>'-<5') Srf1-aiJ^2 1 ld-6>JS;tb (;^xs'7°3 0 

^ y 1 1 2 tc*&ilrt-t-5o w^-r, — flSic. XiJ' y-i/± 

CD^iSk (Xwl, 'Ywl. 0) h^.(0^iP'W&^h.fL'^<r>W$i 
ffiMm (xcl, ycl) 14, aT©<5S;3>*fcf4<S;4 
> ® J; 5 5o • ' 

• . ■<5C3 > ^ ~ - •■ ' 

I k XXwl I I 1 1 1 2 1 3 I I xcl I 
I k XYwli = I 15 16 1 7 I X I ycl I 
"I ■ k- I 118 19 1 I 111 
■ 40 .fcfc L. IE#| I f4tf?iJ^r^-r. 
* • ■ ■ 

X CI 
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[0 0 5 71 r :iT% ^H-fturoffjBiJ,^ 21 l(D 

mm (xcl, ycl) hT^^ ^J-^'MWi (Xwl. Yxl. 
[0 0 5 8] S^^tTl.'SttaigB 1 0 9 (C*3V>T. 

t:m^im.Kx^xifymi^. ^<omw.mmm (xc2, y 

c2) Sr**. -^rixb^^EM^SrS^ffi-;^^ y->'ffi 
S^m^^^^-iJ'l-ioT:?;^ y-vffi^ (Xw2. Yw 

2. . 0) (;=^7^s/7°3 0 7) o 

[0 0 5 91 (Xw2, Yw2. 0) Sr 

©lii^S:;^^y 1 1 2tc{ll;^i-5. ^LT, 4o©lS^ 

<«6> 

P2.= M X S2 
S2 = 



*^ (xc2, yc2) 0iJx.fJ. t&J^Jt2 1 0 (^>f|$I5gg:ft 

10 0 6 0] 2>cic, :^i^ v-'^-^^mmmMkm^<7 

mM^Wi^^yp^-f) ?fc4IS^3rfflv^T««L C^xs/ 
:/3 0 9) , ;»<*y 1 1 2Jj:*&iWi-5; 

[0 0 6 1 ] — ^tc:. y-Viro.'S (Xw2, Yw2, 
) 0). t^©/*;©lKS/-«^vVxJ:©iftSJ^ffiffi^ (xp2, y 
p2) (i, JeJlT0D<^5>i£fc»±<^6>«pj:-5J-«i-r 

<^5> 

I k X xp2 I, . I ml m2 m3 | 

I k X yp2 I = I m5 me m? 1 

I k . I I m8 .m9 1 I . 



I Xw2 I 
I Yw2 I 
I 1 I 



1] 



Trans [Xw2 Yw2 
I ml m2 m3 I 
M — I m5 in6 m7 I 
I m8 m9 11 
P2 = Trans [kXxp2 kXyp2 



k] 



fc/£b, IS-g- I I fi^fr^USr^L. Trans [] {ie«fi^JIJ 

[0 0 6 2] :i r T% 210 co^i^BBS:^?!^ 4 H,^ 

.cp^^Bmm^Axp2,-. yp2). tt..MS^:?*;u±©ISg. 
l^*§?^«*ScD4][I-^lc*J-|Si-^fc*, ^^tci^fcSClt 
;4ST?#5. J:.oT. 4II^<o|!!fiSJ^ffiil^t>^^ y-:^ 

©3i5ir:^ig5C5r^< r t{CJ:i?.. ;^^.y->'-^JgJi^ffi: 

[006 3] JJctC; Si^it^^M^tfiMSB 111 IC*5V^ 

J:o-Cttmb, .*<0»^ffiM^ (xc3, yc3) ?Sr*fc, 
^^y 1 1 2t::*friW^J*i.TVv5it^ffi-^;5' y-v-MSI- 
^SrfflV^T (xc3. yc3) Sr;^.i!' y — Vffi 
m (Xw3/ Yw3, 0) IC^tfeL (;^'7^s/7'3 1 0) 

^y 1 i.2ic*&iirt-r5.v > . .. / 

[0 0 6 4] rr-e. «fC<DfSf^Jg^^2.0 8*Sfe5#r 
-g-lcji, ;x'7'y7'3 1 0(O^iQ;aSrai'?)5S-t (;^7^s'7•3? 
l 1) <, ^Oltfc©SJ^tg^,^2 0 Bc^iSatCioT. 

5. ■ ' ' ■ 

[0 0 6 5] £jL±cD;^-r •;/>^3 i;b~3 1 1 (r>^mi)%^ 

[006 6] KA:^lfB 1 0 3};::d3V>T,- ^ijffl^j'i'f- 



1.2), lgi^fli«lil«^S)J 1 1 4»C*SV>-Cgl^®lfe*S 

(^T^s^T-s 1 3) jem^asrkTisi^ 

_ili^:6Sl§:»^l.i 3.»::: J:T^TS».$.^^S,.. 
[0067] lasji, S^©— ^J©«^^.^i-|2lT'fe 
.5. B15tJ:^i-J:5 t^, .S:l^^ (Sf^W^i) .' 2 i o^siS: 

[0,0 6 8 ] 1 4 fc*5V.^■C, fljffl^/i 

}f.<r>i\^t^^Wimm.ii^M^^^'i> C^T^ ^7° 3 1.3) 

i: , ^•msL^mm.^mf^ i 1 5 -cfi, ^^wm^n i 

1 6*-feM*^ili^S:.n- K.L-c, JS;]^® 1 0 1 ±(cS:^ 
.T-S 1 4) o 

[0 0 6 9] aefi, ifiijesi^B^^^-t-Elt?fc5. r 

. WSk 5 0- 1 ttlgj^Jg:^^ 2 0 8 Sr^E±iI;SJc-ifci^5 i 
. b tc, ;5^oS^^ 2 1 0>5^^l^tc^fiE>65iW^^^ J; 5 »c 

< -[0 0 7 0] y -^■y-'^pM^w^mkn i 

1 7.-t?ji, !a6»::^:t-:^^ y-vaiig3^*^92B;ti9:i^" 

V • '.•'(■ 

7-y-fZ \ 5). . -. ^ ^ 

(0. 0,7 Ll'-.-tsLrT. ClO^^SibM^.^ttei^SBl 1 3 t? 
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[00'72i flJffl#/j;i?<D^1-^*»blSJ^»l-T*S31 
(^^xy:7'3 1 7) 7.f y:fz i 3~;^ 

10 0 7 31 /j:*5, ±JEwl8tS<o?^fl|Ti4. ' 

MX-'fJ, 2 ^(^Si^Jl^fe 2 0 8 T-SS^Bi^ 5 0 1 CDiE 

1 0 0 7 4 1 la 7 fi. 2 M.<D^Wl^7P.M. 2 0 8 b 
^fd$k^ 7 0 1 t^H^M^ 5 0 1 ofcia h :iS-iSc-r?) J: ' ' 

3lS?iii^5 0 1 ?rBa«L.fc«^J^^1-|a-efe5, r. 
;iT% El 7 (a) f±; 5l#^S^5 0 IWSEBWSr^L. 
HI 7 ( b ) tt. ^*^Si^'5 0 1 <rmW$L Sr^-f i 0 7 © 

5MtR®^5'0 1 ©TC^ COiiEmJi i : y (±. 

2 0 9±T't>(^^^Stt2)o il^^M^S 0 1 CDSaii 
Jtx : ySrgS;^5<t5^i«^'t>ie^Jg^^2 0 8Sr3',S ^ 

[ 0 0 7 5 ] m 8 (i. 3 ,'^0DS^Jg^,*^-2 0 8 -t?k* ■. 
i\,fzM'^ 7 0 1 tilJ^®^ 5 0 1 (Dl^mtftK RV^m^' 
8 0 1 1 il^iii^S 0 1 <^iiE5ai:-5S— Sci-5 i' 5 ^ 
*iW{fe5 0 1 *BEebfc^j?^^-t-llT-fc5o . m 

8 (a) ]gtRii(^5 0 roSEBtti^^L-; SIS' ^''^ 
(b) ii. ^*^®^5 0 1 (Dga'S^S:^-rc I2I8<D» 
-^. TS^mms 0 1 <07U^ <Dllltm.it X : ytt. «l^)-7 0 
1 i:ilft^3r8 O iroJix'* : y' iC^lftUTSi^^tbSo 

z.<DmmitcD^w.\'i3\-f ^mi^miSi s o i (^kmi. m 

[0 0 7 6]'|I19tt. 4^(D^^mmM.2 0 8 tJltRjli 
^ 5 0 r<0 4ocoiB^ffi«Sr-i6c-t-S J: 9 
tf'o :fc.l2|-C«) 5. r r T?, HI 9 ' ( a ) ■• (i; 5 0 

■ l<DBa«HflSr^L;. 1219 (b) I*. /31*l®^5=0 1 CDSB ^• 
amSr^-fo ' HI 9 Ufc J;'5 ^^ejfe^bt^Klciov^TcDS 
^iii^fe 5 0 l(^^#ltt, y-f>':/ifeifC)^aj^^^?Sr • 

■ [0 0 7 7] u±<DXo\c. :^mm(Dmm\txinti. ^- 40 

>3V^affl<oa'»gi5i 0 2:R^/^^y:/^' 
-v^V^QS^^Tgi5^^^B^5r^t^-<tt). mm^^j:if<o- ••" ■ 

[0 0 7 81 7^*5, :^mM<Dmmxii. ^mm^wmu 



. i!2 

[0 0 7 9] ?i)^#(CJ;5M^if^5t'9^<ei*<Oth 

[0 0 8 01 <mis&(Dmm2>uT. ^mm<om2(om 

1 0 0 8 1 1 El 1 0 f±, ^^m(omm^mmm(Dm^(o 
—m^^-f-^xhio **5, Ell o^J:*5v^T•; mitm 
m(Dmmz-o\,^xi,im—<Dn^^Hvx\^^^o eii oi;i 
ufcm^sj^^*!*. si^ffi 101 ^mm-t^ CCD 

SrS«t5^- KA;^$i5 1 0 3 i . ^- KA;^^ 1 0 3 T- 

2xmse-^in,tcTi-^ i^m^mn^mti-t^:^^ y^i 

mSrff 5 A/D^mifBl O 5 A/D^g|^nfc'7='-^' 

i?'$';mm^wm-t^mm}^ ^ y i o e t . nm.^ i o 

;SfttiiS5 i 0 7 i , tttt}$;n:fe=IS»<Dff-S3^ 1 0 1 a © 

m^mmmtf\-m.^ i o i a c^g^s i o i ±i-joit5 

y->-k«*^6>Wl£«5^Kw^^^-<7^-i5' 

^#SrfT5«J#;=^'l' S/5^1 0 0 1 i^r^y r/W-v'a 

S5piii#^^$|5 1 0 0 2 i:. flJffl#Jfei?co^1-$|Jd>tit;t 
$ ixm^^tifcmM Sl^-r 5 1 1 3 . gj^gB 

1 1 3;6ibSi^§^^SSi^S^Piii^*-feSJKS2P^?^ii( 

S;'«^y 1 1 2tC*&*^$tv-C</^-5S^ffi-P^i> y-^-ffi 

^ J: oT ^l^a^D5M^Sr><i y 
ffi^<c:^Jfei-sjS:i^«ip,^M«ttmifl5 1- o:d 3 t . Si^ 
S*^Mi^ttW95 i 0 0 3'^ttm$*i>fc«J^«ip^®;^ 

^ y -:>ffi^; y->'M^^m^^•9^-<5' 

—^t^mmmmm^^<-7^'-^i&^u 1 0 0 4 t . &b 
0 1 h(Dn^m&i^t:mm^hmmLx..m^ 

§emm.^<D7.^ V- ymmm. sj^jtm^,^' 1 ^ 0 1 b © 
y->'ffi^fitv«^ffi-x>? y-:^ffi^m-''<7^- 
y->'-tel&j^S^tft/-'7>-i5'?lrfEtg;-^-5y 
^ y 1: 1 2 Kjc*5v^-c?ijffl#i&i?©^i-gp*» 
" h(D?.ti\^it^\:^x&mi-^m^i:miiir^^mmmm^i 
$Bii4t. p'^yii 2icmm^ivt:.^Byt<Dm$^m 
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y 1 1 2 KW^^titi^^ V —^-^^^m&u^^^^ 
[0 0 8 2] ^mm<Dj^mxi±. ^i' v-^^-^t^mm 

[ 0 O' 8 3 1 HI 1 1 li. 4^SX±.(Dl&^&mM. 110 2 
SrW-rsJ&J^S^iiii^ 1101 t:ikBm 2 0 9 ±fcej^ 

[0 0 8 4l .iWTs ;*:|ll£<35Jg^tci5jiiifeSj^S«<o 

[ 0 0 8 5 ] El 1 2 tt. J: SPj^SI^^ 

e©f&f^SrS^-t-7ci-=-^-y— hT*feSo r^-T?, HI 1 2 20 

[0 0 8 6] ftiat:::. y r^'W'-i^a vftia Ut^s/ 
yao i-^T^s/T'a 1 1) ^cibMt?)S^lf^trol^T^|g 
■f-^o -S-fv ^— KA;^§»i 0 3tc*5i/^T:^iJffl#(OA;'3. 

j; •? =5f ^ y 3 :<^— K;6SiS;;£$HS 

7'3 0 1 ) , m^:^^ s/"^ 1 0 0 1 dSf^fl) lftl^«fC 

1 1 3 (4. ^femwm^^^n 1002 -e^^^tb^s 

I^SSiH^i 1 0 L Xmi i). ^iSJ^*2) {:^7-y':fi . , 

201). 30 
[008 71. ^\^. iS^tS 102 >6St£f^*iiS®«fe 1 1 0 

•l§r^T^tPct5{c1tJ^SrtT5. (;^7^s'r3 0 3) , 
[ 0 o 8 8 1 Wj:. L-fcWtf^Sr:^-!' s'^ 1 0 4 d»?> 

A/D^mtU 10 5 jiA;^ A/pmSkUl 0 5 -CA. 

/Dasmufe^. f'^f-v'tj'/vBiiili bTiift^^y 1 0-. 
. 6tw*&srti-5«. ,-. 
[00 8 9] ^fcfc, f+sy,^tttti^ 1 0 7 ^ciav^T. n-aa 

^<Di»«lffiffi#,.(.xc, yc) Srttm Uxs/7'3 0 4) 
U :^T<3??i-SI^2 1 l.(COV^Tttm:dS^T.-f 
7"s/7*3 0 4CO*!!:aSri^i9 3l-f (;^X2/:7'3 0 5) . *<> 
[0 0 9 0] ^K.K. S^ffi-;^j5' y-^-ffi^lEj^z-^y^ 
-i?*fi:£la5 10 8 lc:*5V^T, Wd^&Wih:^i^ y - V'ffi 

^ y 1 1 2 fc;te*rt-f 5o ■ 
[00 9 1] ^i^S2p,^ffi«tttiilfB 1.0 0 3 tC*3V 

I ^T. «»^FHfe:fe-COSi^a!i^ 110 2 SrliifeAaS*' 
iCiOttm W^ (xc2.- y c2) 4^**. 

5o -^rUT. (xc2. .yc2) Sr«^«v 

ffi-^^' y — vM^iE^^-'y;^— ^t-ioX^i!^ y — >' 

(Xw2, Y.w2, '0) .(v^^UT (;^TS/7'1 2 0 so 



24 

2) . ^*y ,Li 2tc*&*fiL. ^-oTi^- y-:^^^6K]^' 

:^-C<DSI^Sjp^ 1 1 0 2\Z^\<^Xa)^mif^f^T-t 
2 0 3)., /<Cfc\ tm.^ 2 1 K S^Jg^,^ 2 0 8 . S 

[0 0 9 2] Jlktc. y-^'-ISSI^pM^^m^-'^ 
^-^JSJ^SUi 0 0 4Jc*3V^T. y — VJiSJ^t^ 

-i? SrSJ^am-^ 1 0 2 Sr 

ffiv^-c^6^L (;^7:s'7'i 2 0 4) . 1 1 2ic» 

Jsft-fSc ±iB(0<iC5 >(C*5(t?)Xw2i: Yw2©iit»4. S 
j^ssf wgp 1 . 0 0 3 -e# P. tu-C *5 "9 . ...^ < ^ 5 > 
(C*JI^5xp2i:yp20fiI«, SJ^IfC 1 1 3 OjK^^-^^^/l' 

dS-e^?.o ioT. SJ^SS^^l.l 0 2;0S4^eA±fetu 
^.MW^vZ—f «S;6>tc*3(t2,M) S/h2 

[00 9 3] S^Jg^-^M^f+S'J^ 1 1 1 

T. 7^.^ v'<5'/vpi^J; 9 K^Jg^,^ 2 0 8 5r®^^Sl- 
ioTJittSL. ^cOft^BM^ (xc3. .yc3) Sr*:*, 

p<*y 1 1 2»c*&iirt$tuTv>5!g«feffi-;?i^.y-i^ffi« 

^^^(,%t: (xc3, yc3) Sr;^:J'y— 
^ (Xw3. Yw3, 0) IC^IJIL (;^7's'7'3 1 0) , ^ 

^ y 1 1 2 

. [0 0 9 4] wm<omi^nfr^A2 o sifihim 

^{dfi, J^:r-;'7'3 1 0OtoS^^»?jgi- (:i7^s/7"3 

1.1)... c:(0«icwS^.J§*^2 .0 8 wgaatcioT. 

[0 0 9 5] EA±w;^xs/7'3 1 0~3 1 1 (D^a;d5dE^ 

[0 0 9 6] KA;^g|5 103 fCjoVNT. mm^^i^ 

•yZTZ 1 2)i:. ^-.KA;^^1 0 3 d^feco^j^*- K 
tr^-f W;^ff^Sr 5 ftfeW^^^-f y^3 p 1 14, ;^2!' y 

-v-^ssi^sffi^^mssi 1 KD^ts-^^^ni i 3 

tc:A;'ji-5.J;5tC'f^»j-tT5c ^UT, ^^mWm^Ui 
1 4tc*ji,>-cSj^@i^;6s^*i^iT<,5 (;^x,yy3 1 3) 

t , sie®«i*s«j^ifi5-.ii- 1 z^^ii^x1Bi^.^f\-^. 

[ 0 0, 9.7]'.15:^ifi^3ltllgP if l 4 lc*Jt\Tv *'J^^^<f 

t . ®«igi^B#:t^$i5. 1-! i; 5,x'f4; 1st^mmmm&> i- 

7° 3.1 4). C ■ ■ , 

[ 0 0*9.8 h^\z^. ^ i;. y -^--^Sl^j^SM^^^mSB 1 . 
1 7 r^»4, ;H 6ic^^;^^yy;- vM^m^^©?®3t^l^ 
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r■y•:f^ 15). 

[0099] ^ LT. rrol^^ai^m^feSrtft^^EP 1 1 3 -T? 

Si^-rs (^xs/:7°3i6) ffl^tSj^M^tm-w 
0 i±{cj^j5g$n5. 

[0 10 01 2»ctc:> fiJffi#*if<D^g|5*»b&il5)I^T*sS 
tR$tu5 (^•7=-s/7°3 1 7) k-T?, ;^xy7'3 1 3~:^ 
•r •>'r3 1 6©^aa>65i^f?3S$ti5„ jo 

[ 0 1 0 1 1 Jiib\ ej^M^tasu 
116 ^tu. mm^\z. i ^Hfetsi^iiiife 

[0 10 21 fei,±©J;5tc. ^|s:||JS(D?^ffitiJ;tbtf. ^ 

[0 10 31 ?iJffl#»cJ;5M^K^^!Ji&iro?f 

[01041' <"|llSO?^^ 3 >£;IT*^?^©II 3 ©HIS 

[010 51 121 3 tt; *^.PJ<^®^ei^^BW«fiK» 
— M2r*i-|gT*j5o j^t^J, la 1 3 lc:*;v>T. El 1 i: IH 30 

e*^<^ftj^*gj]$ffi l 3 0 1 dSS^^tiTV^SSi^aa 1 

0 lSraj^-t-5CCD;^7^7/iif«a^g)Jl 0 2i. M 

- Kifeifcc)^- KfS^^SttS^- KA;6a5 1 0 3 t . 
^- KAji^as 1 0 3 T-^^ y y V*- K;ei>*g3S 

§ J^fc^^c^S^gi5 1 0 2 -e^ti^$^^fcT:^^ m^tt« 

1 0 4 h\ n'smm.<r>T^xj ^r/^f 

^ iy'^fV (A/D) ^m^n 5 A/D^mn lost. 40 

1 0 6 ^mm^m 13d 1 ro4o<^)ii,^srx-< i^cj' 
ffin-i^ttmsis 13 0 z t. ^m^ntc^mmmmi 3 0 

1 CD 4 ocoTS,!^ i:^(0]I,SoSj^DS 1 0' 1 iicjoJt ^ ^ 

y -i^ffi«3S;«P-?7;^-^) Sr«l;ti-"Sit«i®- 

y^ir V -ym.m^m^^7 :^~^mi^m 3 0 si. 
mmmi 30 i<D4o(ow,^©^^5js#srtttiibT. 
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TS-i^am^ 1 0 9 i , s^Ttii.'^aaas 1 0 9 r^tttts $ 
titiATM^coy'-i' y a^ffi-;^^' y -i^M^ 

^ (^^ y-v-^ssj^ffiffi^^m^-^^^-i?) -iritit 

-f-5^i5' y->'-%j^SI^EM^^^>^9p'-i5'iii^gB 1 

lot. ikmrnmrni 3 0 iois^ffiM«it«^E-^ 

0 4i:. iS^JEJi^El 3 0 1(D41I.^<d;^^ y-vM« 
fit. iScmmmm 1301 ro;^^!' y -i^M:^fit; iS^ffi- 
y->'ffi^^/-;9;^-^. y-v-lsSS»ffi^ 
^^<9^-^$rlStS-t-5;'^y 1 1 2 t. ?iJffl#^,eif(D 
?t-g|5*>bJ§;t$n^iR$tufciii^<^S^i--5Si^g|5i 1 

^^y 1 1 2\z.^m^ixttL&.mmrmi 3 0 i(0 4 

^SP l 15 t. fUffl^J^ef <D^^g|5/i^feiltR$^^fc]1^^5r 
«S.$tufc5®^e]^iii^Sr;^^y 1 1 2^rga$4^fc:^ 

[ O i 0 61 iJE^M^ifeSi^l^ef^JSV^Tf*. SS^ffi 1 

0 liicgaavfc^TfDM^ (4is,fe) <75ffi«6«?j^itte 

. M#y!>5|jE^-cfcsgj^*6ff^ffi 13 0 r mms... A 3 ■^^ 

im-Jimim^^n.m-r^ ^ t j- o t. istwm^M i 

3 0 1 rc>4]I,^Sr±5B(D0 1 <D^J£cDff$fl|{c*5»t5ti-jiJ 

[0 10 7] ur. *^is<D?i!ja§»c*s»t5M«Sji^^s 
[0108] El 1 4 fi. ^mMmmKii^mm-^wm 

B©Kif^Sr^-^7n— -^iy— h-TjfcSo rrT,, 014 
tc*5t>T. 0 3 tm—o:>^m^'^ 0:^7-1/ ^\z-o\,^x\-i. 

[ o 1 0 9 r s^jc; y T'u-v'gVMa 
::^3 d i~;:^xs/:ri4 0 4) ^cfclt5fj)'t^^^o^^T^ 

PJ-f-^c *-f> ^-KA;^?FI31 0 3tw*Jl,^TflJffl#/iif 
©^fl5z5^bc»A;^)»o: J; ^3^^ y :^v-->3 v-^- Kd^^ 
(^x-;/7'3 0 1) t. S^^lfBl 1 3d5S?t$ 
tufc4^t«8 (;=^7^s/7'3 0=;2) -nn^Uy o 2>tm%m.i$. 
^T^^tfJ:5lc«]»?^fT5 (^x2/7'3.0 3) „ 
[0 110]^^{C. «i^JCj;5iii^f±, ::=^-l' yf^l 0 4 
i^hA/Dm^Ut0 5\ZKt)^^. A/D^m^fi510 



(15) 

lo 1 1 1] mi 5(i. S^ffi2 0 9tc:S^$ixfc®^ 

o0iis:^-riaT*fe-5o lai stcfcv^-c. ^^352 0 ss. 

x^^m^mmi 3 0 i±Jc:lgj^3t2 1 OASlS:i^$ixTV> 

[0 1.1 2] ikfc, Sj^^JI^EttmaS 1 3 0 2Kid\^^ 

la 1 5 \z.^-tm^*^h^^ism^ 1301 ©iRj^sr 
m^iOiatcj: ijffitbL-c. ^©a^ffin^ (xc, yc) 

Sr;^^y 1 1 2»c:*&S^L. ^^ffi-;:^^^' y — vM^^lfe lo 

1) o ^rUT. 4o©]R^^TJ'ov>Ttt(ilSr^TUfc 

*^^;..s/i? U (;^7'-;/7'l 4 0 2) . ^TLTV^'^iltH 

y 7° 1 4 o 1 (Diaa^r^ <? 5li-.o 4 Tl,^(^is^ffi 

' (xc. yc) «ajx.tf. S^JEJi^ffi 1 3 0 1 

$PEgA?^w#ja<oEiia*S^SrH o u.g h^g|/j:if-C* 

10 1. 1 3] iSfclc:. y-vffiS^m^-<7;^ 

>^Pb^O^^/^9 ;^ -1? («^E-:=<. iJ' y - vMS^^.'-' 
y^-^) SrJS^*6?^ffii 3 q i(^4]I-^J;t)*i;tU 
(y'.xs':/ ! 4 0 3) , ^(om^m-:^^' v-:^km^ 
tfe^-«7y-^'Sr;^'=ey i 1 2Je:*&iW-f5o rroi^t-U 

T. _h^6L^c<^4>^;l■^i-^^^•'9;^-t^r^f?|JLS^^i 

10 114] ?fclC,,15a^)tTI;Sittmgl51 0 9^C*5V^T. . 
Igf^3t2 1 0©4IS^(O^T£D^^ y — i^ffi^Sr^mb 
(:^ X 5/ 7" 3 0 I '&Xf^y^'r y -TZ 0 .8 ) . JJ 1 1 2 

[0 115] ifetc, y— v-iai^iS:i^ffiM^^lJi^<7 
;^-^'.*i3ggci 1 o^i*5v^T. y-viS^^tiSfS 

[Oi l 6 ] m^. i&mtm.^m.^fiwn i s o 4 {;i*5v> . 

T. ;^xs/:7°i 4 0 lT*#p3H;^^y 1 1 2^c^?&^rt$i^ 
■CI/'>5Si^JgJi^ffil 3 0 1©4]I-^(DM^ (xc2, yc 

2) Sri3c<^^y 1 1 2^c^fri(rt$^^■cv^5^^ffi-;^ 

^ y.->'j£^^m''^7;'-i?SrfflV^T?.j5' y-^-ffi^ 

(Xw3, Yw3, 0) {C^mu (;^xs/-7°l 4 0 4) . r, 
tvSrSI^Ji^^i: LT^^y. 1 1 2tc:*&*fti-5. iy,±d5 

[0.1 1 7] likT. S^jtaa (^7^-y:r3 1 2-^X5/ 
. 7*3 1 7) tcMLTH. ±xBcO;^X-y7°l 4 0 4-e#b 
fitc&^mi^^ 1 3 .0 1 a3 4IB,^^SI^Ji*^i: UT®t 
prt-e, ia3lcS^L:feft!iSi:IH#<0«!.aSrtT5-t*5 

[ 0 1 1 8 I ^— KA;^^ 10 3 (ctJl/^T. mm^ti:if 
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:/3 1 2), S^M^^ti^gpi 1 4^r*i^/^Tgj^ii^^*s 
JlS^StbS (;^xy7'3 13) ^mMS^ig-CS^ 
Bi^*5^^4|5 1 1 3 J; o TtS:^ o 
[0 1 1 9] ^imism^%\\ 4fJ:*sv^T, fiJ 

1 3) ffl;£aj^®^4^g|5 1 1 5T:-tt. ^j^Pi^^ 
«$B1 1 6y6>P>il*fl®^Srn-KUT: .Si^Sl 0 1± 

(;^7^s'7°3 1 4) o ■ . 

(0 1 2 0] y->--|^^S^ffiffiS^Jft§Ci 
1 7-C-I4. ia6lc^-t-;=^^',y ->'Jffi^5^mo5iB5eS:^ 

xs'T'si.sj , 

[0121] .feb-C. :i©ig^Sj^S^.SrSi^ifB 1 1 3t? 
Sli^i-S (;!^xs/^3 i6) S^^f^Hlfeirlll-o 

0 I±i;ij»j*$tv5, 

[0 1 2 2] 3Jc»i:> fiJffl#/iif©^1-g|5*»fc.SJKi!^TdSjl 
tli^ixS (::^7"..y7'3 1 7) *-e. ^^yf 3 \ 3~-^ 
■rs/7°3 1 6 03^g;i5^9jS$tv5o 
[0123] faii^ *«lfe<0?K^T?tt. ft:^®^#«a5 

1 1 6^r§a$^^.' mm^\zi^'omi%K-kmimm. 

[ 0. 1, 2 4 1 JW±. *llll<75.?ig^(c*JV \Xf±. g^JEfl^ 
B 1 3 0 1 (D4W;^.Srllli»?f^^ l t;:*J»t5thaiJ,^2 1 

i.*>oigii$jg^jS2 0 8 uT*!iabS:*s. i&mmmm 
13 0 1 ^fijffl-fr-f 1 1 t^min^j^2 0 

8Sr*fe?)4^SrKI^®±lciaeLTt>J:.V\ . 
[0 12 5] :=^mi^<Dmm\zXtvt£. =^-iry:/^ 
— >3 >'il!-mm<Dm^p i O 2St/=af v.y ^3 V 

fi!}im<Dmnn^m±^ti^. a^ffi i o i ±<D^!tjg?i^ 

[0 12 61 ^fc. fiJffi#/jiiffwi5M«8IE^^!?*if 

(012 7h<mi&<omwiA>siT^mm<o;^4 ©njis, 

[ 0 1 '2. 8 1 : EI 1 6 »i, wiii^S]^ig«©«^<D 
— |fij$r^i-|2|-c*3 5<, ttH. mi e\zisv\X. EHilD- 
«0«^^cov^-c^il^-©^?F#Sr^'i;b■Cv^5. El i 6 
^ LfcIii<ag|^3gmttv:.SI^S 1 0 i':$r«j^:ir5 c c D • 
/ 7 /j: t*(D«^§|5 1 0/2 t . ?iJffl#/<e t'c^^tiasjl^ ^ ^■ 

so ?SrS»t 5^- V?it)U 1 0 3 i: . KA;^g^ 10 3 7? 



4# m 2000-284363 (P2000-284363A} 



(16) 

29 . 

y yu-ii^g v*-^ vmnM^f\'tzmKm^u i o 

0 4i:. Si^if#05T-?-nj//-r-< v'if'/v (A/D) ^ 

jy^miSi-kmwr^n's^:^ % y i o e t . tfao^ i o - 

^ttwas 1 0 7 t . tta^tvfc«^©ft-aij;^ 1 0 1 a © 
t ffiffliS 10 1a ©SJ^S 1 0 1 ±lC*5»t5 

y-i^M^*>?>i^M«^|g]©|gtfe/-?7^-<5' (S^ 

-7^^^) ^ -^'Jtjeas 1 0 8 1 . • 
asi 1 3*»^gi^$ix5^J^5t<D«|$isgg^?l^«o4o(Dis 

1^/-? 7 ;^ - ^ i o -C ^ ^ iS^ffiJlE^ 5: ;^ y - >'JM 

')mMmm \ o 9 -earn ^tt^ 471^©;;^ y -v® 

■«^ffi-;=^ y -^'ffi^^i^^^y ;>« -^S'itti'r © 4 

Ms^m^<7:?<-i5^«^ti5i i 0 g^fg.T^/sci 0 1 
■^M4m^<Dy^i^ ]) ->'mmm^ isj^^fg:^,'^ i o i b 

<o:^i' V-^'M^m. »^ffi-^i? y -^'ffi^m/^7;>« 
;^^y->'-«Sj^®g5m^'<7^-^SrlE1i:-r5 

^ ^ y 1 1 2 i: , mm^fi i^o:>i^m^ fe«3t s ixSK $ 
itittmm^&m-f-i^B^ 1 1 .3 i ■ s^^- K^cJ3^^ 

aiR-t-5Ki^iB«ia*^«Fi5 1 1 4 1 -^^ y 1 1 2 Kwm 

^lEC 16 0 1 16 0 1 XiHitm^ixfz.:^ 40- 

y - vM^^smoiBi^Si^iii^Srp* ^ y 1 1 2 (c^ 
1 0 1 2 9 1 :i^^miiz.mm\zio\,^xii. ^^■r-<^m^' 
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[0 13 01 etT,. :^m-m<Dmm\z)dmmmLmmm. 
[0 13 1] mi 7tt, ^m:mmmKx^miSLikmm 

S<DWsi¥'k^-f'yo—'f-rt—hXhio ZZX\ 017 

[01 3 21 ^^vrfu—i^a^mm. <^7.7-y 
:;^3 0 l~;^xs'7'3 1 1) (Di!)'f^^c:o^^T»±, ±xg© 
lllfe©?^flSl (03) t^<rai:»f^i:i-5ridS-C# 

5o ^fi.i:>%. *-r. ^-KA;^Jg|il 0 3i-*5l>T^Jffi 

-K:asie^$H5 (>^xs/-7^3 0 1) i:. SJ^^Pl 1 3 
*sS3t$^^fcJl^^ (;^xs/7'3 0 2) T'^^a5i0 2*s 
K^lgJ^Sr^-C-^tf J; p \mmi:nv C^x s'^3 o 

3) . 

[01 331^- VAtlU l 0 3 1 0 4 

N^ffitei-rSfcft. a^gBl 0 2T-»^$^xfcH^ttA 
/T>mm^l 0 5{CA;'3$n. A/D^m^ixTT'^i? 

^/^mi&t i^xmi^p^ ^ y 1 0 6 \z^m^iti?io 
[0 1 3 41 tfSll-^tttmifB 1 0 7ir*jv>T, HIR 

';^^y 1 0 6{C^^$ixT V^.57^^' v'iS'/i'M^d^fcSj^- 
ffil 0 l±(DsimM2 1 iSrM^^iaai-ioTrtttJb, 

•^©a^tffiMs (xc. yc) ^mt)-r^(:^'ryy3o 

4) . • 

[01351 ^TcDffjil,'^ 211 {cloV^T^TWttttlS: 
Uife^^^ct ,<;/ (;^xs'7°2 0 6) ^TUTV^ 
Jfcft ixrJ-;^?' 7' 3 0 4 (D^SJrjft !3 jg-To 
[01361 JJifc. It^fe®-;?^ y -i^ffigfSElft/^^^ 

— ^^^as i 0 8.[c*svvt' ■ft^ffijs^i:;^^^ y-;^M 

'9>i~-^) -^f\-mM.2 1 1 i^hm^X. (.7.7- 0 
6) s C©«^ffi-;^i5' y-^'M^^m^i'^^-^S:^ 

^y 1 1 2\z.^m-^. 

[01371 m-^. S^^tH-^ttaSiS 109 ^;l*5V^T, 
'f^'^9)\'m'S^i.^^^%2 1 0(D«i$|5Eg^?l^©41S^ 
^S^AflSfClioTttaL. ^©a^DBM^- (xc2. y 

c2) ■ ^ti-fcft^ffiM^^r^^ffi-;^^? y -^M 

^^Jfe^'-'^;^— :J'}CJ;oT;^j!' y — ^'MS (Xw2, Yw 
2. 0) IC^tJI-rS' C^XyT'S 0 7) i 

[ 0 13 81 :i©;^i? y— (Xw2. yw2, o) 
y y 1 1 2 ii^o;^ y - i^-^^Si^SM^ 

>->.«^*|5 1 1 0 »cm;^j-f-^,,- toS^ 
roBilfe*;<^y 1 1 2fim;^i-5, -tUT, 4o©iS;S 
^T<75MS;65||.T-f-5^-e (;^xs'7'3 0-8) . 7.7- v 
7°3 0 7(O*0;SSr^i?aS-f. 

[0 13 91 7^^)-l^-^^^^m.W.^W<7 

^ 1 1 q Jc*5v vt, ;^ iJ- y — vM^m ir^felft • 

0 9) . >^y 11 2ic*s«rti-5, 
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[0140] m^. ikmnTT^/^mmtmiu 1 1 1 {^^av^ 

x-f v=^5';viS^ J: t) S^*B*,^ 2 0 8 SrlB^iaafc 
J;oTtttiib, ■?:<^)a^ffiffi# (xc3. yc3) ^r*fc. 

^^^■^7;''— ^Srfflv^T (xc3, yc3) $r;=^^y — i^M 
^ (Xw3, Yw3. 0) tCig^L C^xs/^aio) . > 
^ y 1 1 2 tC*&^ift-r^o 
[0 14 1] rC-C, ^l^(DSI^Ji^^2 0 8*Sfe5*& 

•a-(-fi> ;^xs/7°3 1 0 o^iOfS^H (9 jg-f- (>^xs/:/3, 
11) o r<oltifc(og:J^jg^,'S2 0 scDgaef-iox, 10 

t 0 1 4 2 1 £A±CC>;5^7" 2/7° 3 1 0 ~ 3 1 1 (D^a*5:3f- 

1 2~;^xs/7°3 1 7) ©»)f^(cov^Ttjil^i-'5« 
[0143] ■=£•— KA;^SS 103 \zts\,^x^im^f3^ if<o 

3 1 2) \ ^mmum^^i i AKio^^^x^mmmm ■■ 

^^ti^ C^Tis/ys 1 3). ^J^I^aa^STSj^W 

[0 14 4] mi 8\±. nB^w^&^mK^mLtcm ■ 

•^^Sr^fEI-C&So Ell 8 {c^-f- i 5 fd, mm. 
m^) 2 1 0*sSji^fi^/S2 0 8Srfc-kIS-*ii: UTfl^ 
/j:<ft^^^f^^5. 01 8 »;i*JV>T.^4Rili^5 0 1 coll 

■a:-ri&l^ffi2 0 9 Ji-ef±SJ^)t2 1 0 cogfco t:v^/i^,^ 

[0 14 5] r<Oj:5Jc. SJ^M^il^lfBl 1 4^c*JV^ 

7° 3 1 3) m^^BM±^Ul 1 5XMi. SJ^Pi..,.3o 
^fc^iSflHSl 1 6*»bS*^BjlfeSrD-KbT.,Si^El 0 

5 7" 1/7° 3 1 4) „ 

[0146] mz. Miia#.^msi5 1 e o i ?b^s^ 

0 1) o 

[0147] y ->--^&mmm.mmmn 1 1 7-e 

^^mmm^^^-r^ c^x^/t-s 1 5) . 
[0148] ^ Lx. r <o^^Bm^i:^mu 1 1 3 -e 

Uf^y^-si e) m&i^fmiiitm-<o . 

[0 14 9] mm^ti:}£<oi^^7b^h^mmTi)m: . i 

tR^ixS (::^r^s/7'3 1 7) x^7^3/.7?3 1 3~;^ 

X 5/ 7° 3 1 6 ©MS;*^!! t) 5S $ tu5 o • 
[0150] ^iiJ, *|im:©?l5ffi.Xtt. iS^iii^SagB; 

1 1 6 \zmm § J: ?) $ tift^m^iSi: so 
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\>^xi,m^(Dn\'^i&m^'^mt^£i. 
[0 15 1]' :^mmmmxii. mm^^mm 
6 0 1 \zx'omM^§^mi^\z$3\^^x^Bmik(o^^vfj: 

[0 15 2] ^mm<Dmm\zo\^^xm.mi^t^i)i. 

[0.15 3] £k±(r)Xoi,z^ :^mm(r)mm\zxm-i. S 
^afe^mas 16 0 1 r t X, S^^tas^^cD^ 

[0154] ^fc, ^©MlSSgiZfH 9 <!:'Of|- 

[0155] <mmmm 5 >:wt*^?^©.ii 5 ©siii 
mKo\,^x.,mm^^mv^£i^hmm-t^o • 

[0 15 6] |211,9<±. *%ig®pi^S^Igao||Jfe<D 

jf^Wi<o—m^7r<-rmxh?>o ^is. isii 9^c*5v^Ts 121 

1,9 \zm Lfcs^sj^^eti. sj^ffi 1:0. 1 ^»m-r^ 

C C D * 7 t'WS^gP 1 0 2 t . mm^/J: if W^gp 
!!i»6>^-V y — '^3 K-^SI^*- Kjfcif©^- 

Kit^^rSit KA;b^ 1 0 3 t . ^- KA;^^fB i 
.0.3T'^^.y zfu-'^B Ki6SJg^$nfc^lc:a^ 
IfC 1 0 2XS^$^^fcT.■^D mmt^5rm;^i-S^-< 

•y?- 1 0 4 fc. miML^^<OT-rti if/'fA i^i'/l^ (A/ 

D) ^m^noA/D^mmost. A/^D^m^n 

fc'T^v^^^i'H^Sr^a-r^B^^^y 1 0 6 i:, l+iill 

^1 0 1 a ^mm^biibmv. ^<om^^&^^m:h-t 
^^mMmmu i o 7 mm^tiitmw<o?^mM. 1 0 

1 a (Dm^mmt^m.^ 1 0.1 a cdSJ^E 1 0 1 ±{C 
(il«lB- ^ 25' y - VM^^m./-' 7P< - Sr^SfS 

ig^ffi- ;^ y - vM^^ift/-? 7 yf-'f mk% i- 0 s 

4o(D]i^(D»^ffiM«SrttmLX. a^®.-;^j!'y- 

7 ^ J: o T-f- Jx hmiSitsmm S: 
yr-vM«.fc:^«l^bTta;^3,i-Siftfi^^lI^ttl±im 0 9. 

t . sj^3t)i,^ttai^ 1 0 9xttUi4^^fc4^I.^•(D>^25"' 
y->'M^v a^ffi-:^^ y-vMS^l^i''■^'7^-^5'^' 
tJ5r ©■4:lS/Stc:Mi«;-t-5«lEJSi^ffiffiS(*.*fe;^^'- v->m 
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M^?^tti::^i-5Si^*i.T^.^ffi^H-a!)§l5i l it, Sl^^ 
1 0 1 bro::^^ y->-MS®, «^ffi-;^^' y 

■5Iii^fe^^i-«JSJKBir4feS*5$|51 1 ;^rty 1 1 

S^t-SS^H^^a^i 1 6 y-vffi^^t?' 
«a^tufc?li;£lS^iii^Sr^^y 1 1 2»cSiS$3xfc;^ 
i^' y - V-«S^anffi^gtm^-' 7 ^ -^S' J; o -C«!cSlg 

1 1 7 t . S^as 10 2 ttg 

gpi 9 0 1 i:. Sr«BX.TV^5, 
[0157] *|I^HcJi?li{c*3V^Tf±, 1 0 2 i: 

1 0 l ;65i:'<D'(iat-K@$tuTt>, ti^gp i 0 2 

■ to 15 8] Jtcio. *|imwJi^ffii;iiait5M^Si^Sa 

I 0 1 5 9 1 /iib\ *|IJfe<0?g«|-ett, .Si^m^SFffl^B 

Ti- o i^-ft-^ t LT#SE-r^x u tf 3 ^y^^fa if ico 

[0 1 6 01 'Sl±<oX^\z, :^mM<Dif^Wii^Xtit£. ^-^ 
-7 5:7-a5r9 0 1 SrKltSri:(cJ:oT. iaj^3t$ft 

[0161] 



(18) 

34 

■ [0 16 2] ifc. Si^tulc:tf*5nt:i^fcJl«IS;^©'9 
Jieifrotfji^iggt ;a5!^^^i|;il/^fc^6, fS!^lcfirfi^«) L-c 

[0 16 3] ^fc. iltl^SJ^pj^<Ojliaa<^^i|r^©@ 
[0 164] /V-7 5 7-eBSr^lt-rS:i^^Wi: 

[Illffi©fai^/j:lft5^1 - 

m2] &mm. s^as. ^semzid\-f^^n^'ti(Dm. 

[0 3] *|geg(OHIfeiS;i^^e©ib^^Sr^i-7 n -^^ 

[1114] :¥-Yy:7'^-v'3i^*-KlctJft5a^®«^© 
— MSr^i^l2lT?*)5, 

■ [0 5] SJ^-ry-v^OD-^^JSr^i-SlXfeSo 
[0 6 ] ffl;£S^iij«<O-^JSr.T^i-0T'fc5o 

[0 7] 2^®SJ^J|*^=Srie«L^c^coSi^MSr^ 

[ 0 8 ] 3 ^©SJi^Jt^;#t*ffiS Lfe^©SI^0!iS:^T^ 

30 -r0T'fc5„ 

[0 9 ] 4 j^roSJ^Ig^jSSrSaB Lfci^(DiS;J^M^S:S^ 
■t-0-Cfc«o' • ■ - ■ . 

[0 1 0 1 :^?tm(omm^Bmm<om^i:^-tz^^ > p 
0-cfo5o • . " ■' 

[0 1 U y y i>-V3 v^- Kfc*5it5!g^Iii«fe 
[0 1 2 ] *5ll^©@i^l&fg3gScD»)f^Sr^i-7 n-^ 

[0 1's 1 :if%m(r>mmi^mW<r>m'^^7T^ir.^^ V ^ 
40 0-e*)5o 

[014] *?gBJ«DW^SJ^Sllcoii)f^Sr^^-f-7o-5^ 

[015 1 =3f^.y y V— V*- Ktcioftsft^feiii^ 

<o— ^!lSr^f^i-0T'fc.5o 

[016] im^<r>mim.^^n.<omm:7r<t^u y ^ 

0-Cfc5. ■ : . 

[01 7] 3p:||?^wiilfelgf^^e(^iiii^iSr^-f-7D-'?^ 

[0 1 8 1 SJ^*- Kf::*3it5Si^<^-M«r^i-0Tfe 

so 5o ■ •• ' 
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CLAIMS 



[Claim(s)] 

[Claim 1] The measure point which has a predetermined screen coordinate system and was defined by the 
coordinate value of said screen coordinate system, It is image projection equipment which projects an image on 
the plane of projection which has the point of defining as the coordinate value of said screen coordinate system, 
and directing the projection location and configuration of a projection image directing [ projection ]. The projection 
means which is equipped with the liquid crystal panel which has predetermined plane-of^projection-ed system of 
coordinates, and projects an image to said plane of projection, Said measure point on said plane of projection, said 
point directing [ projection ], and an image pick-up means to picturize the image projected on said plane of 
projection as an image pick-up image. The image memory which stores said image pick-up image picturized with 
said image pick-up means, and a mode input means to output which mode selection signal in calibration mode or 
projection mode, A projection parameter estimation means to presume the conversion parameter between said 
screen coordinate system and said plane-of^projection-ed system of coordinates based on the projection image 
of said picturized measure point and said projection means, A directing [ projection ] point coordinate 
measurement means to measure a directing [ projection ] point coordinate from said coordinate value of said 
point directing [ projection ], A projection image is arranged in the projection location specified with said directing 
[ projection ] point coordinate stored in said conversion parameter, the memory which stores said directing 
[ projection ] point coordinate, and said memory. An assumption projection image generation means to generate 
the assumption projection image expressed by said screen coordinate. Image projection equipment characterized 
by having a plane-of^projection-ed [ screen-] coordinate transformation means to change said assumption 
projection image into the image expressed with the plane-of-projection-ed coordinate, based on said conversion 
parameter stored in said memory. 

[Claim 2] The measure point which has a predetermined screen coordinate system and was defined by. the 
coordinate value of said screen coordinate system. It is image projection equipment which projects an image on 
the plane of projection which has the point of defining, as the coordinate value of said screen coordinate system, 
: and directing the;projectionJocation and configuration.of a projection. jmageudirecting.[ projection.].. The pcojection 
means which is equipped with theliquid crystal panel which has predetermined plane-oi^projection-ed system of 
coordinates, and projects an image to said plane of projection. Said measure point on said plane of projection, said 
point directing [ projection ], and an image pick-up means to picturize the image projected on said plane of 
projection as an image pick-up image, The image memory which stores said image pick-up image picturized with 
said image pick-up means, and a mode input means to output which mode selection signal in calibration mode or 
projection mode, A projection parameter estimation means to presume the conversion parameter between said 
screen coordinate system and said plane-of-projection-ed system of coordinates based on the projection image 
of said picturized measure point and said projection means, A directing [ projection ] point coordinate 
measurement means to measure a directing [ projection ] point coordinate from said coordinate value of said 
point directing [ projection ]. Said conversion parameter, the memory which stores said directing [ projection ] 
point coordinate, and a projection image storage means to store the image projected, A projection image selection 
means to choose the projection image of arbitration from said projection image storage means, Said projection 
image chosen as the projection location specified with said directing [ projection ] point coordinate stored in said 
memory with said projection image selection means is arranged. An assumption projection image generation 
means to generate the assumption projection image expressed by said screen coordinate, Image projection 
equipment characterized by having a plane-of-projection-ed [ screen-] coordinate transformation means to 
change said assumption projection image into the image which has the coordinate value of plane-of-projection-ed 
system of coordinates, based on said conversion parameter stored in said memory. 

[Claim 3] The measure point which has a predetermined screen coordinate system and was defined by the 
coordinate value of said screen coordinate system, It is image projection equipment which projects an image on 
the plane of projection which has the point of defining as the coordinate value of said screen coordinate system, 



and directing the projection location and configuration of a projection image directing [ projection ]. The projection 
means which is equipped with the liquid crystal panel which has predetermined plane-of^projection-ed system of 
coordinates, and projects an image to said plane of projection, Said measure point on said plane of projection, said 
point directing [ projection ], and an image pick-up means to picturize the image projected on said plane of 
projection as an image pick-up image, The image memory which stores said image pick-up image picturized with 
said image pick-up means, and a mode input means to output which mode selection signal in calibration mode or 
projection mode, A projection parameter estimation means to presume the conversion parameter between said 
screen coordinate system and said plane-of-projection-ed system of coordinates based on the projection image 
of said picturized measure point and said projection means, A directing [ projection ] point coordinate 
measurement means to measure a directing [ projection ] point coordinate from said coordinate value of said 
point directing [ projection ], Said conversion parameter, the memory which stores said directing [ projection ] 
point coordinate, and a projection image storage means to store the image projected, A projection image selection 
means to choose the projection image of arbitration fi^om said projection image storage means, The projection 
image inputted from said projection image chosen as the projection location specified with said directing 
[ projection ] point coordinate stored in said memory with said projection image selection means or the outside is 
arranged. An assumption projection image generation means to generate the assumption projection image 
expressed by said screen coordinate, Image projection equipment characterized by having a plane-of-projection- 
ed [ screen-] coordinate transformation means to change said assumption projection image into the image which 
has the coordinate value of plane-of-projection-ed system of coordinates, based on said conversion parameter 
stored in said memory. 

[Claim 4] The switching means as which said projection parameter estimation means inputs said image pick-up 
image picturized with said image pick-up means when calibration mode is outputted from said mode input means. 
The A/D-conversion means which carries out the analog / digital conversion of said image pick-up image 
inputted from said switch, A measure point extract means to extract the coordinate value of said measure point 
in the image pick-up side system of coordinates defined by said image pick-up means ft-om said image pick-up 
image stored in said image memory. An image pick-up side-screen coordinate conversion parameter estimation 
means to presume an image pick-up side-screen coordinate conversion parameter from the coordinate value in 
said image pick-up side system of coordinates of said measure point, and the coordinate value in said screen 
coordinate system. The coordinate value in said image pick-up side system of coordinates of four top-most 
vertices of the projection light projected with said projection means is extracted from said image pick-up image 
stored in said image memory, respectively. A projection light top-most-vertices coordinate extract means to 
change and output the coordinate value in said image pick-up side systeni of coordinates of four top-^most 
vertices of said projection light to the coordinate value of a screen coordinate system based on said image pick- 
up side-screen- coordinate conversion parameter stored in said-memory. It is.based.on. the- coordinate, value of 

said screen coordinate system of four top-most vertices of said projection light, and the coordinate value of the 
plane-of-projection-ed system of coordinates of said projection image. Image projection equipment according to 
claim 1 to 3 characterized by having a plarie-of-projection-ed [ screen-] coordinate transformation parameter 
means to presume a plane-of-projection-ed [ screen-] coordinate transformation parameter as said conversion 
parameter. ' - , , 

[Claim 5] Furthermore, image projection equipment according to claim 1 to 3 characterized by having a projection 
criteria image generation means to generate the criteria image projected from said projection means, and a 
change means to connect with a projection means in the first half, and to perform the change of said criteria 
image and said projection image according to the output mode of said mode input section. . 
[Claim 6] The switching means as which said projection parameter estimation means inputs said image pick-up 
image picturized with said image pick-up means when calibration mode is outputted from said mode input means, 
The A/D-conversion means which carries out the analog / digital conversion of said image pick-up image 
inputted from said switch, A measure point extract means to extract the coordinate value of said measure point 
in the image' pick-up side system of coordinates defined by said image pick-up means from said image pick-up 
image stored in said image memory. An image pick-up side-screen coordinate conversion parameter estimation 
means to presume an image pick-up side-screen coordinate conversion parameter from the coordinate value in 
said image pick-up side system of coordinates of said measure point, and the coordinate value in said screen 
coordinate system, With said image pick-up side-screen coordinate conversion parameter which extracted the 
coordinate value of the projection reference point in said image pick-up side system of coordinates from said 
projection criteria image, and was stored in said memory A projection reference point coordinate extract means 
to change and output the coordinate value of the projection reference point in said image pick-up side system of 



coordinates to the coordinate value of the projection reference point in said screen coordinate system, It is based 
on the coordinate value of said screen coordinate system of said projection reference point, and the coordinate 
value of the plane-of-projection-ed system of coordinates of said projection image. Image projection equipment 
according to claim 5 characterized by having a plane-of-projection-ed [ screen-] coordinate transformation 
parameter means to presume a plane-of-projection-ed [ screen-] coordinate transformation parameter as said 
conversion parameter. 

[Claim 7] In said plane of projection, the projection rectangle side of known [ screen coordinate / of each top- 
most vertices ] is arranged. Said projection parameter estimation means A projection rectangle plane peak point 
coordinate extract means to extract the coordinate value by said image pick-up side system of coordinates of 
each top-most vertices of said projection rectangle side from said image pick-up image stored in said image 
memory. It is based on the coordinate value by said image pick-up side system of coordinates of each top-most 
vertices of said projection rectangle side, and the predetermined coordinate value in said screen coordinate 
system. It has the image pick-up side and a screen coordinate conversion parameter estimation means to 
presume an image pick-up side-screen coordinate conversion parameter as a conversion parameter. Said 
directing [ projection ] point coordinate measurement means claims 1, 2, 3, or 5 characterized by. what said 
directing [ projection ] point coordinate is measured and said projection means projects said projection ifiiage for 
on said projection rectangle side by making each top-most vertices of said picturized projection rectangle side 
into said point directing [ projection ] — either — the image projection equipment of a publication. 
[Claim 8] Furthermore, image projection equipment according to claim 1 to 7 characterized by having a 
circumference color conversion means to change the color of boundary regions other than said projection image 
field among the fields of said image pick-up image. 

[Claim 9] Said circumference color conversion means is image projection equipment according to claim 8 
characterized by changing the color of boundary regions other than said projection image field into the color 
which does not make light penetrate among the fields of said image pick-up image. 

[Claim 10] Furthermore, image projection equipment according to claim 1 to 9 characterized by having the 
optical-axis coincidence means which makes the same the optical axis of said image pick-up means and said 
projection means. 

[Claim 1 1] Are the image projection approach which projects an image on plane of projection, and it floodlights to 
the plane of projection in which the point directing [ projection ] and the measure point were prepared. Carry out 
A/D conversion of the image which photoed so that all the floodlighting fields of said plane of projection might be 
included, and was photoed, and a digital image is generated. The image pick-up side coordinate of said. measure 
point on said plane of projection is extracted from said digital image. Based on the image pick-up side coordinate 
of said measure point, the image pick-up side-screen coordinate conversion parameter which is a conversion 
parameter between an image^pick-up . side. coondinate.and. a screen coordinate is presumed^. Extract. four. top-most, 
vertices of said floodlighting field from said digital image, and the image, pick-up side coordinate, of the four top-^ 
most vertices concerned is searched for. The image pick-up side coordinate of four top-most vertices of said 
floodlighting field is changed into a screen coordinate with said image pick-up side-screen coordinate conversion 
parameter. Based on said screen coordinate, the plane-of-projection-ed [ screen-] coordinate. transformatipn 
parameter which is a conversion parameter between a screen coordinate system and plane-of-projection-ed 
system of coordinates is presumed. Extract the image pick-up side coordinate of said point directing 
[ projection ] from said digital image, change the image pick-up side coordinate of said point directing . 
[ projection ] into a screen coordinate using said image pick-up side-screen coordinate conversion parameter, 
and a projection image is loaded. The assumption projection image which has the coordinate value of said screen 
coordinate system is generated. The coordinate value of said screen coordinate system of said assumption 
projection* image with said* plane-of-projection-ed [ screen-] coordinate transformation pararneter The image 
projection approach characterized by what a projection image without distortion which is the same configuration 
as said assumption projection image, and was positioned by changing into the coordinate value of projected 
system of coordinates, generating a projected image, and projecting said projected image is formed for on said 
plane of projection. 

[Claim 12] Are the image projection approach which projects an image on plane of projection, and it floodlights to 
the plane of projection in which the point directing [ projection ] and the projection rectangle side were 
established. Carry out A/D conversion of the image which photoed so that all the floodlighting fields of said plane 
of projection might be included, and was photoed, and a digital image is generated. The image pick-up side 
coordinate of four top-most vertices of said projection rectangle side on said plane of projection is extracted 
from said digital image. Based on the image pick-up side coordinate of four top-most vertices of said projection 



rectangle side, the image pick-up side-screen coordinate conversion parameter which is a conversion parameter 
between an image pick-up side coordinate and a screen coordinate is presumed. Extract four top-most vertices 
of said floodlighting field from said digital image, and the image pick-up side coordinate of the four top-most 
vertices concerned is searched for. The image pick-up side coordinate of four top-most vertices of said 
floodlighting field is changed into a screen coordinate with said image pick-up side-screen coordinate conversion 
parameter. Based on said screen coordinate, the plane-of-projection-ed [ screen-] coordinate transformation 
parameter which is a conversion parameter between a screen coordinate system and plane-of^projection-ed 
system of coordinates is presumed. Extract the image pick-up side coordinate of said point directing » 
[ projection ] from said digital image, change the image pick-up side coordinate of said point directing 
[ projection ] into a screen coordinate using said image pick-up side-screen coordinate conversion parameter, 
and a projection image is loaded. The assumption projection image which has the coordinate value of said screen 
coordinate system is generated. The coordinate value of said screen coordinate system of said assumption 
projection image with said plane-of-projection-ed [ screen-] coordinate transformation parameter The image 
projection approach characterized by what a projection image without distortion which is the same configuration 
as said assumption projection image, and was positioned by changing into the coordinate value of projected 
system of coordinates, generating a projected image, and projecting said projected image is formed for on said 
plane of projection. 

. [Claim 13] The step which searches for the image pick-up side coordinate of four top-most vertices of said 
floodlighting field is the image projection approach according to claim 11 or 12 characterized by asking for the 
equation of the straight line of each side of said projection field by Hough conversion, and asking for the 
intersection of each straight line as an image pick-up side coordinate of four top-most vertices of said 
floodlighting field. 

[Claim 14] The projection criteria image which is the image projection approach which projects an image on plane 
of projection, and has two or more projection reference points is projected on plane of projection. Carry out A/D 
conversion of said projection criteria image which photoed so that said all projection criteria images of said plane 
of projection might be included, and was photoed, and a digital image is generated. The image pick-up side 
coordinate of said measure point on said plane of projection is extracted from said digital image. Based on the 
image pick-up side coordinate of said measure point, the image pick-up side-screen coordinate conversion 
parameter which is a conversion parameter between an image pick-up side coordinate and a screen coordinate is 
presumed. Extract said two or more projection reference points from said digital image, and the image pick-up 
side coordinate of all projection reference points is searched for. The image pick-up side coordinate of said all 
projection reference points is changed into a screen coordinate with said image pick-up side-screen coordinate 
conversion parameter. Based on said screen coordinate, the plane-of-projection-ed [ screen-] coordinate 
.1. ..transformation.parameter^which is.a Gonversion^parameter^betwe -planerofrr. . ...... . 

= projection-ed system of coordinates is presumed; Extract the image pick-up side coordinate of said point 
directing [ projection ] from said digital image, change the image pick-up side coordinate of said point directing 
[ projection ] into a screen coordinate using said image pick-up side-screen coordinate conversion parameter, 
and a projection image is loaded. The assumption projection image which has the coordinate value of said screen 
coordinate system is generated. The coordinate value of said screen coordinate system of said assumption 
projection image with said plane-of-projection-ed [ screen-] coordinate transformation parameter The image 
projection approach characterized by what a projection image without distortion which is the same configuration 
as said assumption projection image, and was positioned by changing into the coordinate value of projected 
system of coordinates, generating a projected image, and projecting said projected image is formed for on said 
plane of projection. 

[Claim 15] The projection criteria image which is the image projection approach which projects an irriage on plane 
of projection, and has two or more projection reference points is projected on plane of projection. Carry out A/D 
conversion of said projection criteria image which photoed so that said all projection criteria images of said plane 
of projection might be included, and was photoed, and a digital Image is generated. The image pick-up side 
coordinate of said measure point on said plane of projection is extracted from said digital image. Based on the 
image pick-up side coordinate of said measure point, the image pick-up side-screen coordinate conversion 
parameter which is a conversion parameter between an image pick-up side coordinate and a screen coordinate is 
presumed. Extract said two or more projection reference points from said digital image, and the image pick-up 
side coordinate of all projection reference points is searched for. The image pick-up side coordinate of said all 
projection reference points is changed into a screen coordinate with said image pick-up side-screen coordinate 
conversion parameter. Based on said screen coordinate, the plane-of-projection-ed [ screen-] coordinate 



transformation parameter which is a conversion parameter between a screen coordinate system and plane-of- 
projection-ed system of coordinates is presumed; Extract the. image pick-up side coordinate of said point ^ ^. 
directing [ projection ] from said digital image, change the image pick-up side coordinate: of said point directing 
[ projection ] into a screen coordinate using said image pick-up side-screen coordinate conversion, parameter, 
and a projection image is loaded. The assumption projection image which has the coordinate value of said. screen 
coordinate system is generated. The coordinate value of said screen coordinate system of said assumption 
projection image with said plane-of^projection-ed [ screen-] coordinate transformation parameter The image 
projection approach characterized by what a projection image without distortion which Js the same configuration 
as said assumption projection image, and was positioned by changing into the coordinate value of projected 
system of coordinates, generating a projected image, and projecting said projected image is formed for on said 
plane of projection. 

[Claim 16] The step which presumes said plane-of-projection-ed [screen-] coordinate transformation parameter 
is the image projection approach according to claim 15 characterized by presuming a plane-of-projection-ed 
[ screen-] coordinate transformation parameter with the least square method based on said screen coordinate of 
said projection reference point of four or more points. 

[Claim 17]! The step which presumes said image pick-up side-screen coordinate conversion parameter is the 
image projection approach according to claim 11 to 16 characterized by presuming said image pick-up side- 
screen coordinate conversion parameter with the least square method based on the image pick-up side 
coordinate of said measure point of four or more points, or four top-most, vertices of said projection rectangle 

side. . . .!_.....■ ... 

[Claim 18] The Image projection approach according to claim 11 to 17 characterized by having the step which 
changes the color of parts other than said selection image among said assumption projection images after the 
step which generates said assumption projection image. 

[Claim 19] The image projection approach according to claim 1 1 to 17 characterized by having the step which 
changes parts other than said selection image into the color which light does not penetrate among said 
assumption projection images after the step which generates said assumption projection image. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the image projection equipment and the image projection 
approach of carrying out expansion projection of the images, such as a still picture and an animation. It is related 
with the image projection equipment and the image projection approach which can be distorted to arbitration and 
can be projected on the location which the user specified within limits which can project the projection image at 
the time of projection especially that there is nothing. 
[0002] 

[Description of the Prior Art] In recent years, the researches and developments about the projection distortion 
amendment in image projection equipment like the liquid crystal projector which projects animations, such as a 
still picture and video, on a screen are done briskly. 

[0003] In order to be distorted and to project that there is nothing, it is necessary to station both, when 
projecting an image using image projection equipment like the liquid crystal projector which projects an image 
generally so that the projection shaft of a projector may become perpendicular to projection flat surfaces, such as 
a screen. 

[0004] Drawing 20 is drawing showing the physical relationship and the projection image of projection flat surfaces, 



such as a screen, and a projector. Drawing 20 (a) shows the case where the projection shaft of a projector is 
perpendicular, to a projection flat surface, and drawing 20 (b) shows the case where the projection shaft of a 
projector is not perpendicular? to thie projection flat surface. 

[0005] The projector is equipped with the projection lens 2002 which projects the image outputted to the plane of 
projection 2003-ed and the plane of projection 2003-ed, such as a liquid crystal panel which/outputs the image 
projected in the projection section 2005 which projects an image, and the projection section 2005. as a projection 
image 2004 on plane of proiection 2001 in drawing 20 . 

[0006] As shown in drawing 20 (a), when the projection shaft of a projector is perpendicular, in the projection 
image 2004 projected on plane of projection 2001, distortion does not arise to plane of projection 2001. On the 
other hand, as shown in drawing 20 (b), when the projection shaft of a projector is not perpendicular, in the 
projection image 2004 projected on plane of projection 2001, distortion will arise to plane of projection 2001 .It 
asks for the parameter related to distortion of the projection image 2004 on plane of projection 2001 as an 
approach of amending such distortion, and there is the image projection approach which changes and projects the 
image for projection on the image diistorted beforehand based on the parameter. Hereafter, conventional image 
projection equipment and the conventional image projection approach are explained. 

[0007] Drawing 21 is drawing showing the image projection equipment which used the conventional liquid crystal 
projector. In drawing 21 , this image projection equipment calculated the parameter of distortion amendment,, and 
is equipped with the projection sections 2103. such as a liquid crystal projector which projects the computer 
screen from the computer apparatus 2102 which outputs the image which carried out distortion amendment 
conversion with that parameter, and a computer apparatus 2102. Here, the projection section 2103 is projected 
on the plane of projection 2101 which the grid pattern which specifies the screen- coordinate for calibrations 
attached by making the image from a computer apparatus 2102 into a projection Image 2004. 
[0008] Next, actuation of the conventional image projection equipment shown in drawing 21 is explained. 
[0009] Drawing 22 is a flow chart which shows actuation of the conventional image projection equipment shown in 
drawing 21 . in drawing 22 . cialibration mode sets up by a users key stroke first — having (step 2201) — a liquid 
crystal projector (projection section) 2103 projects the criteria image pattern from . a computer apparatus 2102 on 
plane of projection 2101 (step 2202). 

[0010] A user reads the screen coordinate value PO (Xsi, Ysi) (here, it is i=1-4) of the point for the calibrations of 
the projected criteria image pattern image (step 2203). And the read screen coordinate value PO (Xsi, Ysi) is 
inputted into a computer apparatus 2102 (step 2204). 

[001 1] If all the screen coordinate values PO (Xsi, Ysi) are inputted (step 2205), a computer apparatus 2102 will 
compute the parameter for amendment from the inputted screen coordinate value PO (Xsi, Ysi) (step 2206). Below, 
calculation of the parameter for amendment is explained.* ' - j 

..C0012]-Generally, the screen^coordinateivalue: HOcXXsi, . Ysi)^^ on plane: ofcprojection -2:10,1 ;.and the .v Ju- . 

relation of the point PI (Xpi.-Ypi) on the liquid crystal panel which is the plane of projection-ed- prepared in the 
projection section 2103 are expressed like the following <formulas 1> or <a formula 2>. 
< type 1>|k*Xsi| |v1 v2 v3| |Xpi||k*Ysi|=|v5 v6 v7|x|Ypi|| k | |v8 v9 1| | 1|. however notation || show a matrix. 

S = V X P 

S = Trans [kXXsi kXYsl k] 

Ivlv2v3r 
V = I v5 v6 v7 I 

I v8 v9 II 
T = Trans^^EXpi' Ypl I] 

However, notation || shows a matrix and TransD shows a transposed matrix. 

[0013] Since correspondence of S and P is known here, respectively, V can be presumed with the least square 
method by the group of the corresponding points of four or more points. The above is calibration processing. 
[0014] Next, using the parameter V for amendment for which it asked above, it changes and the image data for 
projection memorized beforehand is remembered that there is no distortion (step 2207). * 
[0015] Processing of step 2207 is repeated until transform processing of distortion amendment is completed 
about all storage images (step 2208). At this time, in order to lose distortion, it is also convertible the same with 
performing transform processing for projecting on the arbitration location on plane of projection. 



[0016] next, projection mode sets up by a user's key stroke — having (step 2209) — amended image data Is 
projected on plane of projection 2101 by the liquid crystal projector (projection section) 2103 (step 2210). 
[0017] 

[Problem(s) to be Solved by the Invention] However, according to conventional image projection equipment as 
shown in drawing 21 , in order that a user might measure a screen coordinate on the basis of the grid pattern on 
plane of projection 2101 at the time of a calibration, there was a problem that the reading error of a screen 
coordinate arose, 

[0018] Moreover, also when specifying a projection location, in order that a user might measure the screen 
coordinate for tab control specification on the basis of the grid pattern on plane of projection 2101, there was a 
problem that the en'or of tab control specification arose according to the reading error of a screen coordinate. 
[0019] Therefore, it is offering the image projection equipment and the image projection approach of reducing the 
calculation error of the image transformation parameter which this invention's can solve the above-mentioned 
trouble, and the purpose's can measure a screen coordinate automatically, and includes projective distortion 
amendment. 
[0020] 

[Means for. Solving the Problem] In order to solve the above-mentioned technical problem, the. image projection 
equipment of the 1st mode of this invention The measure point which has a predetermined screen coordinate 
system and was defined by the coordinate value of a screen coordinate, system, It is image projection equipment 
which projects an image on the plane of projection which has the point of defining as the coordinate value of a 
screen coordinate system, and directing the projection location and configuration of a projection image directing 
[ projection ]. The projection means which is equipped with the liquid crystal panel which has predetemiined 
plane-of-projection-ed system of coordinates, and projects an image to plane of projection. The measure point on 
plane of projection, the point directing [ projection ], and an image pick-up means to picturize the image projected 
on plane of projection as an image pick-up image, The image memory which stores the image pick-up image 
picturized in the image pick-up section, and a mode input means to output which mode selection signal in 
calibration mode or projection mode, A projection parameter estimation means to presume the conversion 
parameter of a screen coordinate system and plane— of-projection-ed system of coordinates based on the 
measure point and projection image which were picturized, A directing [ projection ] point coordinate 
measurement means to measure a directing [ projection ] point coordinate from the coordinate value of the point 
directing [ projection ]. A projection image is arranged, in the projection location specified with the directing 
[ projection ] point coordinate stored in a conversion parameter, the memory which stores a directing 
[ projection ] point coordinate, and memory. It is characterized by having an assumption projection image 
generation means to generate, the assumption projection image expressed by the screen coordinate, and a plane- 

-....ofbprojection-ed^[..sccBen-],coordinate. transformation. meahs^to .change an assumption; projection, image, into.tbe .... 

image which has the coordinate value of plane-of-projection-ed system of coordinates: based on . the conversion 
parameter stored in memory. 

[0021] In order to solve the above-mentioned technical problem, moreover, the image projection equipment of the 
2nd mode of this invention The measure point which has a predetermined screen coordinate system and was 
defined by the coordinate value of a screen coordinate system. It is image projection equipment which projects an 
image on the plane of projection which has the point of defining as the coordinate value of a screen coordinate 
system, and directing the proj^ctibh location and .cdhfiguratibh of a projebtioh ihriage dir-ectiiig [ projection ]. The 
projection means which is equipped with the liquid crystal panel which has predetemiined plane-of-projection-ed 
system of coordinates, and projects an image to plane of projection, The measure point on plane of projection, the 
point directing [ projection ], and an image pick-up means to picturize the image projected on plane of projection 
as an image pick-up image. The image memory which stores the image pick-up image picturized in the image * 
pick-up section, and a mode input means to output which mode selection signal in calibration mode or projection 
mode, A projection parameter estimation means to presurne the conversion parameter of a screen coordinate 
system and plane-of-projection-ed system of coordinates based on the measure pojnt and projection image 
which were picturized, A directing [ projection ] point coordinate measurement means to measure a directing 
[ projection ] point coordinate from the coordinate value of the point directing [ projection ], A conversion 
parameter, the memory which stores a directing [ projection ] point coordinate, and a projection image storage 
means to store the image projected, A projection image selection means to choose the projection image of 
arbitration from a projection image storage means. The projection image chosen as the projection location 
specified with the directing [ projection ] point coordinate stored in memory with the projection image selection 
means is arranged. It is characterized by having an assumption projection image generation means to generate the 



assumption projection image expressed by the screen coordinate, and a plane-of-projection-ed [ screen-] 
coordinate transformation means to change an assumptibn projection image into the image which has the 
coordinate value of plane-of-projection-ed system of coordinates based on the conversion parameter stored in 
memory. 

[0022] In order to solve the above-mentioned technical problem, moreover, the image projection equipment of the 
3rd mode of this invention The measure point which has a predetermined screen coordinate system and was 
defined by the coordinate value of a screen coordinate system, It is image projection equipment which projects an 
image on the . plane of projection which has the point of defining as the coordinate value of a screen coordinate 
system, and directing the projection location and configuration of a projection image directing [ projection ]. The 
projection means which is equipped with the liquid crystal panel which has predetennlned plane-of-projection-ed 
system of coordinates, and projects an image to plane of projection, The measure point on plane of projection, the 
point directing [ projection ], and an image pick-up means to picturize the image projected on plane of projection 
as an image pick-up image, The image memory which stores the image pick-up image picturized in the image 
pick-up section, and a mode input means to output which mode selection signal in calibration mode or projection 
mode, A projection parameter estimation means to presume the conversion parameter of a screen coordinate 
system and plane-of-projection-ed system of coordinates based on the measure point and projection image 
which were picturized, A directing [ projection ] point coordinate measurement means to measure a directing 
[ projection ] point coordinate from the coordinate value of the point directing [ projection ], A conversion 
parameter, the memory which stores a directing [ projection ] point coordinate; and a projection image storage 
means to store the image projected, A projection image selection means to choose the projection image of 
arbitration from a projection image storage means, The projection image inputted from the projection image 
chosen as the projection location specified with the directing [ projection ] point coordinate stored in memory 
with the projection image selection means or the outside is arranged. It is characterized by having an assumption 
projection image generation means to generate the assumption projection image expressed by the screen 
coordinate, and a plahe-of-projection-ed [ screen-] coordinate transformation means to change an assumption 
projection image into the image which has the coordinate value of plane^of-projection-ed systerh of coordinates 
based on the conversion parameter stored in memory. 

[0023] The switching means as which a projection parameter estimation means inputs the image pick-up image 
picturized with the image pick-up meaiis here when calibration mode is outputted from a mode input means. The 
A/D-conversion means which carries out the analog / digital conversion of the image pick-up image inputted 
from a switch, A measure point extract means to extract the coordinate value of the measure point in the image 
pick-up side system of coordinates defined by the image pick-up means from the. image pick-up image stored in 
the image memory, An image pick-up side-screen coordinate conversion parameter estimation means to presume 
..an.irhage pickTup..side-screen coordinate^conversion=:parameter;from . the coordinate.^ 
side system of coordinates of a measure point,-and the coordinate value in a screen, coordinate system, The ^ 
coordinate value in the image pick-up side system of coordinates of four top-most vertices of the projection light 
projected with the projection means is extracted firom the image pick-up image stored in the image memory, 
respectively. A projection light top-most-vertices coordinate extract means to change and output the coordinate 
value in the image pick-up side system of coordinates of four top-most vertices of projection light to the 
coordinate value of a screen coordinate system based on the image pick-up side-screen coordinate conversion 
parameter stored in memory, You may make it have ia plane-of-projection-ed [ screen-] coordinate 
transformation parameter means to presume a plane-of^projection-ed [ screen-] coordinate transformation 
parameter as a conversion parameter, based on the coordinate value of the screen coordinate system of four 
top-most vertices of projection light, and the coordinate value of the plane-of-projection-ed system of 
coordinates of a projection image. 

[0024] In order to solve the above-mentioned technical problem, moreover, the image projection approach of the 
1st mode of this invention Are the image projection approach which projects an image on plane of projection, and 
it floodlights to the plane of projection in which the point directing [ projection ] and the measure point were 
prepared. Carry out A/D conversion of the image which photoed so that all the floodlighting fields of plane of 
projection might be included, and was photoed, and a digital image is generated. Extract the image pick-up side 
coordinate of the measure point on plane of projection from a digital image, and it is based on the image pick-up 
side coordinate of a measure point. The image pick-up side-screen coordinate conversion parameter which is a 
conversion parameter between an image pick-up side coordinate and a screen coordinate is presumed. Extract 
four top-most vertices of a floodlighting field from a digital image, and the image pick-up side coordinate of the 
four top-most vertices concerned is searched for. The image pick-up side coordinate of four top-most vertices 



of a floodlighting field is changed into a screen coordinate with an image pick-up side-screen coordinate 
conversion parameter Based on a screen coordinate, the plane-of^projectionred [ screen-] coordinate 
transformation parameter which is a conversion parameter between a screen coordinate system and plane-of- 
projection-ed system of coordinates is presumed. Extract the image pick-up side coordinate of the point directing 
[ projection ] from a digital image, change the image pick-up side coordinate of the point directing [ projection ] 
into a screen coordinate using an image pick-up side-screen coordinate conversion parameter, and. a projection 
image is loaded. The assumption projection image which has the coordinate value of a screen coordinate system 
. is generated. The coordinate value of the screen coordinate system of an assumption projection image with a 
plane-of-projection-ed [ screen-] coordinate transformation parameter It is characterized by what a projection 
image without distortion which is the same configuration as an assumption projection image, and was positioned is 
formed for on plane of projection by changing into the coordinate value of projected system of coordinates, 
generating a projected image, and projecting a projected image. 

[0025] Thereby, automatic . meter reading of a screen coordinate is made possible, and the error of the image 
transformation parameter calculation including distortion amendment is suppressed small. 

[0026] Moreover, in order to solve the above-mentioned technical problem, the image projection equipment of the 
4th mode of this invention is characterized by to have a projection criteria image generation means to generate 
further the criteria image projected from a projection means, and a change means connect with a projection 
means in the first half, and perform the change of a criteria image and a projection image according to the output 
mode of the mode input section. 

[0027] The switching means which inputs the image pick-up Image picturized with the image pick-up means when, 
as for a projection parameter estimation means, calibration mode is outputted from a mode input means at this 
time, The A/D-conversion means which carries out the analog / digital conversion of the image pick— up image 
inputted from a switch, A measure point extract means to extract the coordinate value of the measure point in 
the image pick-up side system, of coordinates defined by the image pick-up means from the image pick-up image 
stored in the image memory. An image pick-up side-screen coordinate conversion parameter estimation means to 
presume an image pick-up side-screen coordinate conversion parameter from the coordinate value in the image 
pick-up side system of coordinates of a measure point, and the coordinate value in a screen coordinate system, 
With the image pick-up side-screen coordinate conversion parameter which extracted the coordinate value of the 
projection reference point in image pick-up side system of coordinates from the projection criteria image, and was 
stored in memory A projection reference point coordinate extract means to change and output the coordinate 
value of the projection reference point in image pick-up side system of coordinates to the coordinate value of the 
projection reference point in a screen coordinate system, It is good to make it have a plane-of-projection-ed 
[ screen-] coordinate transformation parameter means to presume a plane-of-projection-ed [ screen-] 
coordinate. transformation.- parameteii:asJa aonversion,parameten based. .on .thexpordinate .value...of:the . screen,,.. ^ 
coordinate system of a - projection reference point, and the coordinate value-of the plane-of-projection-ed system 
of coordinates of a projection image. 

[0028] In order to solve the above-mentioned technical problem, moreover, the image projection approach of the 
2nd mode of this invention The projection criteria image which is the image projection approach which projects an 
image on plane of projection, and has two or more projection reference points is projected on. plane of projection. 
Carry out A/D conversion of the projection criteria image which photoed so that all. the projection criteria images 
of plane of projection might be included, and was photoed, and a digital image is generated. Extract the image 
pick-up side coordinate of the measure point on plane of projection from a digital image, and it is based on the 
image pick— up side coordinate of a measure point. The image pick-up side-screen coordinate conversion 
parameter which is a conversion parameter between an image pick-up side coordinate and a screen coordinate is 
presumed. Extract two or more projection reference points from a digital image, and the image pick-up side 
coordinate of ail projection reference points is searched for. The image pick-up side coordinate of all projection 
reference points is changed into a screen coordinate with an image pick-up side-screen coordinate conversion 
parameter. Based on a screen coordinate, the plane-of-projection-ed [ screen-] coordinate transformation 
parameter which is a conversion parameter between a screen coordinate system and plane-of^projection-ed 
system of coordinates is presumed. Extract the image pick-up side coordinate of the point directing [ projection ] 
from a digital image; change the image pick-up side- coordinate of the point directing [ projection ] into a screen 
coordinate using an image pick-up side-screen coordinate conversion parameter, and a projection image is loaded. 
The assumption projection image which has the coordinate value of a screen coordinate system is generated. The 
coordinate value of the screen coordinate system of an assumption projection image with a plane-of-projection- 
ed [ screen-] coordinate transformation parameter It is characterized by what a projection image without 



distortion which is the same configuration as an assumption projection image, and was positioned is formed for on 
plane of projection by changing into the coordinate value bf projected system of coordinates, generating a 
projected image, and projecting a projected image. 

[0029] A projection criteria image is generated and much more reduction of the error of image transformation 
parameter calculation is aimed at by presuming the conversion parameter of plane-of^projection system of . 
coordinates and projection section system of coordinates using a measure point and a projection criteria image. 
[0030] In order to solve the above-mentioned technical problem, moreover, the image projection equipment of the 
5th mode of this invention In plane of projection, the flat-surface rectangle image with which each top-most 
vertices have a predetermined coordinate value in a screen coordinate system is arranged. A projection 
parameter estimation means A projection rectangle plane peak point coordinate extract means to extract the . . 
coordinate value by the image pick-up side system of coordinates of each top-most vertices of an image pick-up 
image to the flat-surface rectangle image stored in the image memory. It is based on the coordinate value by the 
image pick-up side system of coordinates of each top-most vertices of a flat-surface rectangle image, and the 
predetermined coordinate value in a screen coordinate system. It has the image pick-up side and a screen 
coordinate conversion parameter estimation means to presume an image pick-up side-screen coordinate 
conversion parameter as a conversion parameter. A directing [ projection ] point coordinate measurement means 
By making each top-most vertices of the picturized flat-surface rectangle image into the point directing 
[ projection ], a directing [ projection ] point coordinate is measured and a projection means is characterized by 
what a projection image is projected for on a flat-surface rectangle image. 

[0031] In order to solve the above-mentioned technical problem; moreover, the image projection approach of the 

3rd mode of this invention Are the image projection approach which projects an image on plane of projection, and 

it floodlights to the plane of projection in which the point directing [ projection ] and the projection rectangle side 

were established. Carry out A/D conversion of the image which photoed so that all the floodlighting fields of plane 

of projection might be included, and was photoed. and a digital image is generated. The image pick-up side 

coordinate of four top-most vertices of the projection rectangle side on plane of projection is extracted from a 

digital image. Based on the Image pick-up side coordinate of four top-most vertices of a projection rectangle side, 

the image pick-up side-screen coordinate conversion parameter which is a conversion parameter between an 

image pick-up side coordinate and a screen coordinate is presumed. Extract four top-most vertices of a 

floodlighting field from a digital image, and the image pick-up side coordinate of the four top-most vertices 

concerned is searched for. The image pick-up side coordinate of four top-most vertices of a floodlighting field is 

changed into a screen coordinate with an' image pick-up side-screen coordinate conversion parameter. Based on 

a screen coordinate, the plane-of^projection-ed [ screen-] coordinate transformation parameter which is a 

conversion parameter between a screen coordinate system and plane-of-projection-ed system^ of coordinates is 

. presumed.; Extract the image. pickrtjp;rside coordinate >of :the point.directing D projection:], from, ardigital image,., .- ..... ...... 

change the image pick-up side coordinate of the point directing [ projection 3 into a: screen coordinate.using an 
image pick-up side-screen coordinate conversion parameter, and a projection image is loaded. The assumption 
projection image which has the coordinate value of a screen coordinate system is generated. The coordinate 
value of the screen coordinate system of an assumption projection image with a plane-of^projection-ed [ screen- 
] coordinate transformation parameter It is characterized by what a projection image without distortion which is 
the same configuration as an assumption projection image, and was positioned is formed for on plane of projection 
by changing into the coordinate value of projected' system of coordinates. generatihg a projected image, and 
projecting a projected image. 

[0032] The projection image which carried out distortion amendment automatically, can be projected on the flat- 
surface image arranged in the arbitration location on a screen by making into a measure point the top-most 
vertices of the flat-surface image arranged on plane of projection, presuming a conversion parameter and 
measuring a directing [ projection ] point coordinate by making the top-most vertices of a flat-surface image into 
the point directing [ projection ]. 

[0033] Furthermore, in the image projection equipment mentioned above; it can also have a circumference color 
conversion means to change the color of boundary regions other than a projection image field among the fields of 
an image pick-up image. This circumference color conversion means is good to change the color of boundary 
regions other than a projection image field into the color which does not make light penetrate among the fields of 
an image pick-up image. — , . 

[0034] Moreover, in the image projection approach mentioned above, it can also have the step which changes the 
color of parts other than a selection image among assumption projection images after the step which generates 
an assumption projection image. At this time, it is good to change the color of parts other than a selection image 



into the color which light does not penetrate among assumption projection images. 

[0035] By changing into the color which does not make light penetrate about the periphery which does not have 
the image information in a projection field, there is no part of a useless projection light and the projection image 
which amended distortion can be offered. 

[0036] Furthermore, in the image projection equipment mentioned above, it is good to make it have. the optical- 
axis coincidence means which makes the same the optical axis of an image pick-up means and a projection 

means. 

[0037] Since a half mirror etc. is prepared and a projection optical axis and an image pick-up optical axis are 
made in agreement, it is not necessary to change an image pick-up field according to the arrangement location of 
plane of projection, initial setting, such as a pan of the image pick-up section, a tilt, and zoom control, becomes 
unnecessary, and convenience can be improved more. 

[0038] Moreover, in the image projection approach mentioned above, the step which searches for the image pick- 
up side coordinate of four top-most vertices of a floodlighting field can ask for the equation of the straight line of 
each side of a projection field by Hough conversion, and can ask for the intersection of each straight line as an 
image pick-up side coordinate of four top-most vertices of a floodlighting field. Moreover, the step which 
presumes a plane-of-projection-ed [ screen-] coordinate transformation parameter is good to presume a plane- 
of-projection-ed [ screen-] coordinate transformation parameter with the least square method based on the 
screen coordinate of the projection reference point of four or more points. Moreover, the step which presumes an 
image pick-up side-screen coordinate conversion parameter can also presume an image pick-up side-screen 
coordinate conversion parameter with the least square method based on the image pickrup side coordinate of the 
measure point of four or more points, or four top-most vertices of a projection rectangle side. 
[0039] 

[The gestalt of invention implementation] The gestait of operation of the 1 st of this invention is explained below 
the <gestalt 1 of operation>, referring to a drawing. Drawing 1 is drawing showing an example of the configuration 
of the image projection equipment of this invention. The image pick-up sections 1 02, such as a CCD (Charge 
Coupled Device) camera with which this image projection equipment photos plane of projection 101 in drawing 1 , 
The mode input section 103 which receives mode directions in calibration mode, projection -mode, etc. from the 
exteriors, such as a user. The switch 104 which outputs the analog image information photoed in the image pick- 
up section 10Z when calibration. mode is specified in the mode Input section, 103, The A/D-conversion section 
105 which performs the analog / digital (A/D) conversion of image information, The image memory 106 which 
accumulates the digital image by which A/D conversion was carried out, and the measure point extract section 
107 which extracts measure point 101a from an image, and outputs the image pick-up side coordinate. The image 
pick-up side-screen coordinate conversion parameter estimation section 108 which presumes the conversion 
parameter between. both.system.of-coondjnates:(image pick-up side-screen coordinate, convers 
from the image pick-up side coordinate of two or more extracted measure, point 101a. and the screen, coordinate 
on the plane of projection 101 of measure point 101a, The image pick-up side coordinate offour top-most 
vertices of the profile square of the projection light projected from the projection section 1 13 is extracted. The 
projection light top-most-vertices extract section 1 09 which changes and outputs these image pick-up side 
coordinate to a screen coordinate with an image pick-up side-screen coordinate conversion parameter, The 
screen coordinate of four top-most vertices extracted in the projection light top-most-vertices extract section 
109, The plane-of-projection-ed [ screen-] coordinate transformation parameter estimation section 110 which 
presumes the conversion parameter (plane-of-projection-ed [ screen-] coordinate transformation parameter) of a 
screen coordinate system and plane-of-projection-ed system of coordinates from the plane-of-projection-ed. 
coordinate corresponding to an image pick-up side-screen coordinate conversion parameter and these four, top- 
most vertices. The directing [ projection ] point coordinate measurement section 1 1 1 which extracts the image 
pick-up side coordinate of directing [ projection ] point 101b from an image, and outputs the screen coordinate 
using an image pick-up side-screen coordinate conversion parameter. The memory 1 1 2 which memorizes the 
screen coordinate value of profile square 4 top-most vertices of projection light, the screen coordinate value of 
directing [ projection light ] point 101b, an image pick-up side-screen side conversion parameter, and a plane-of- 
projection-ed [ screen-] conversion parameter. The projection section 113 which projects the image specified 
and chosen from the exteriors, such as a user, The projection image selection section 1 1 4 which chooses the 
image projected according to the input from the outside, such as a user, in projection mode, The assumption 
projection image generation section 115 which generates the image (it expresses by the screen coordinate 
system) with which projection is assumed on plane of projection 101 from the profile square 4 top-most-vertices 
coordinate of the projection light accumulated in memory 1 1 2, and a directing [ projection ] point coordinate. The 



projection image storage section 116 which accumulates the image chosen from the exteriors, such as a user. It 
has the plane-of-projection-ed [ iscreeh-] coordinate trahsfornriation section 1 17' which changes: and. outputs the 
assumption projection image expressed'by the screen coordinate system to the projection image expressed by • 
plane-of-projection-ed system of coordinates with the plane-of-projection-ed [ screen-] coordinate 
transformation paramiBter accumulated in memory 1 12. . ; ; : : • 

[0040] Here, plane of projection 101 has directing [ projection ] point 101b which directs measure point 101a used 
for presuming the conversion parameter of image pick-up side system of coordinates and a screen coordinate 
system, and a projection location. . i 

[0041] Next, each system of coordinates are explained. 

[0042] Drawing 2 is drawing showing each systerti-of-coordinates relation. In drawing 2 . plane of projection 209 
which is an image pick-up side is made into xy flat surface; one point of a measure point 211 is made into a zero, 
and the screen coordinate system 201 is set up for three straight lines passing through the zero which intersect 
perpendicularly 'with each other spatially as Xw shaft, Yw shaft, and a Zw shaft. The point under the drawing top 
right is made into the screen coordinate system zero in drawing 2 . In addition, any measure point 21 1 may be 
made into a zero: By the definition of this screen coordinate system 201, the screen coordinate value (Xw, YwO) 
of the measure point 21 1 arranged on plane of projection 209, the point 208 directing [ projection .], and four.top- 
most vertices of the projection light profile square (only henceforth "projection light") 210. can be quantified. 
[0043] Moreover, projector system of coordinates (Xp, Yp, Zp) are set up, making the projection core of the- 
projection section 1 1 3 ( drawing 1 ) into a zero, and using plane of projection-ed, such as the direction of the z- 
axis, and a liquid crystal panel, as xy flat surface for the projection shaft orientations of the projection section 

113. . . . . . ^, . , . 

[0044] Moreover, the zero of the plane-of-projection-ed system of coordinates (xp, yp) 203 defined on plane. of 
projectioh-ed parallel to a XpYp flat surface is a point that the projection shaft (zp shaft) of , the projection 
section 1 1 3 crosses this plane of projection-ed. 

[0045] Moreover, the camera system of coordinates 204 are set up, making the lens core of the image.pick-up 
section 102 ( drawing' 1 ) into a zero, and using the direction of the z-axis; and a CCD component side* as xy .flat 
surface for the direction of an optical axis of the image pick-up section 102. • 
[0046] Moreover, the zero of the imajge pick-up side system of coordinates (xc, yc) 205 defined on a CCD 
component side parallel to a' XcYc flat surface is a point that the optical axis (Zc shaft) of the image pick-up 
section 102 crosses this innage pick-up side. < 

[0047] Moreover, the projection section '113 and the image pick-up section 102 have a focal distance Fp206 and a 
-focal distance Fc 207, respectively. 

[0048] Hereafter, actuation of the image projection equipment constituted as mentioned above is explained. 
. [0049] >Drawing..3 r.is a .flowv-chart which :shows actuation.:of ^the image..prpjection equipment olthis^invention;. Two 
prbcessinjgs. 'calibratibn :processing.(step 301 - step 311) and projection processing (step 31 2 - step 317),t can - 
explain actuation bf the image projection equipment of this invention greatly. 
[0050] Calibration processing (step 301*- step 311) is explained first. ; -..-..c-- j 

[0051] first, in the mode input section 103,-calibration mode sets up by the input from the outside, such as a user, 
— having (step 301) — a jahbtbgraph is taken* so that the image pick-up section 102 may. include all floodlighting 
fields, where the. projection section 1 1 3 is floodlighted (step 302) (step 303). V- 
[0052] 'in order that the mode input section 103 may change a switch 104 into ON condition, A/D conversion'of 
the image photoed in the image pick-up section 102 is inputted and carried out to the A/D-conversion section 
105, and it is stored ih' an image memory 106 as a digital image. 

[0053] Drawing 4 is drawing showing the example of the photoed image. In drawing 4 , the same sign is given to 
the sanie thing' as drawing 2 L " ■ ' . v • r t. - ..... t . 

[0054] Next; in the measure point extract section 107, an image processing extracts the measure point 211 on 
plane of projection 101 from the digital image stored in the image memory 106, and the image pick-up, side 
coordinate (xc, yc) is outputted (step 304); * ' : > 

[0055] If it confirms whether all extracts were completed (step 206) and has completed about no measure points 
21 1^ processing of step 304 is repeated. In addition, the discernment on the image of a measure point 21 1 and the 
point 208 directing [ projection ] is good to carry out by [ as changing the color, form, etc. ].i : 
[0056] Next, in the image pick-up side-screen coordinate conversion parameter estimation section 108, the 
conversion parameter between an image pick-up side coordinate and a screen coordinate (image pick-up. side- 
screen coordinate conversion parameter) is presumed from a measure point 211 (step 306), and this image pick- 
up side-screen coordinate conversion parameter is stored in memory 112. Here, generally an image pick-up side 



coordinate (xcl. yd) when the point (Xwl, Yw 1 and 0) and point on a screen are picturized can be expressed 
like the following <fornnulas 3> or <a formula 4>. ; , , 

< type 3>|kxXwl| |I1 12 I3| |xcl||kxYwl|=|l5 16 I7|x|ycl|| k | |l8 19 l| | l|, however notation || show a matrix. 

<^C4> 

SI = L X CI 

51 = Trans [kX Xwl kXYwl k] 
. 11112 13 1 

L = I 15 16 17 I . 

118 19 1 I- 
CI = Trans [xcl ycl 1] 

However, notation || shows a matrix and TransQ shows a transposed matrix. 

[0057] Here, since the correlsporidence relation of the image pick-up side coordinate (xcl, yd) and screen 
coordinate (Xwl, Yx 1 and 0) of each measure point 21 1 is known, the conversion parameter line train L can be 
presumed with the least square method by correspondence of the measure point 21 1 of four or more points. • 
[0058] Next, in the projection light top-most-vertices extract section 109, from a digital image, an image 
processing extriacts four top-most vertices* of the profile 'square of the projection light 21 0, the image pick-up 
side coordinate (xc2, yc2) is searched for, and these image pick-up side coordinate is changed into a screen 
coordinate (Xvv2, Yw 2 and 0) with an image pick-up side-screen coordinate conversion parameter (step 307). 
[0059] This screen coordinate (Xw2, Yw 2 and 0) is stored in memory 112, and it outputs to the plane-of-. 
projection-ed [ screen-] coordinate transformation parameter estirhation section 110. Moreover, the image after 
processing is outputted to memory 1 12. And processing of step 307 is repeated until processing of all four top- 
most vertices is completed (step 308). Here, the image pick-up side coordinate (xc2, yc2) of four top^most 
vertices can be acquired by asking for the equation of the straight line of each side of the profile square of the 
projection light 21 0 by Hough conversion etc.; and asking for the^ intersection of the four straight lines; 
[0060] Next, in the plane-of-prbjectioh-ed [ screen-] icoordinate transformation parameter estimation section 
1 1 0, the conversion parameter between a screen coordinate system and plane-of-projection-ed system of 
coordiniates (plane-of-projectibn-ed [ screen-] coordinate transformation parameter) is presumed using four top- 
most vertices (step 309), and it stores in memory 112. 

[0061] Generally, the plane-of-projection-ed coordinate (xj32, yp2) on the liquid crystal panel of the point (Xw2, 
Yw 2 and 0) and point on a screen can be expressed like the following <formulas 5> or <a formula 6>. 

< type 5>|kxxp2| |m1 m2 m3r|Xw2||kxyp2| = |m5 m6 m7| x |Yw2|rk | |m8 m9 l|i l|, however notation || show a 

'"^^i5k6> ' . 'r " . . . .-:- 

P2 = M X S2 ' 

• ■ • - '■ -'^ . •■ '■ 

52 = Trans [XiC Yw2 1] 

• I mi m2 m3 I i .... ► 

M = I m5 m6 m7 I 

' I m8'm9 V\ ' 

P2 = Trans EkXxp2 kXyp2 k] 

However, notation II shows a rnatrix and TransQ shows a transposed matrix. 

[0062] Here, since it corresponds to four top-most vertices of the projected rectangle field on a liquid crystal 
panel, the plane-of-projection-ed coordinate (xp2. yp2) of profile square 4 topl-most vertices of the projection 
light 210 can be searched for eaisily. Therefore, since both the plane-of^projection-ed coordinate of four top- 
most vertices and a screen codrdinate serve as known, the plane-of-projection-ed [ screen-] coordinate 
transformation parameter M can be presumed by solving the simultaneous equations of <an equation 5> using the 
correspondence. 

[0063] next, the image pick-up side-screen coordinate conversion parameter which extracts the point 208 
directing [ projection ] by the image processing, searches for the image pick-up side coordinate (xc3, yc3), and is 
stored in memory 112 from the digital image in the directing [ projection ] point coordinate measurement section 
111 — using (xc3, yc3) — it changes into a screen coordinate (Xw3, Yw 3 and 0) (step 310). and stores in 



memory 112. 

[0064] Here, when there are two or more points 208 directing [ projection ], processing of step 310 is repeated 
(step 31 1). By arrangement of two or more of these points 208 directing [ projection ], a projection location, the 
aspect ratio of that projection, etc. can also be specified. 

[0065] Processing of the above steps 310-311 turns into calibration processing. Next, projection processing is 
explained. 

[0066] in the mode input section 103, projection mode is set up by the input from the outside, such as a user, 
(step 312). and a projection image chooses in the projection image selection section 114 — having (step 313) — 
pass transform processing — a projection image is projected by the projection section 113. 
[0067] Drawing 5 is drawing showing the situation of a projective example. As shown in drawing 5 , in the point 
208 directing [ projection ], the projection light (projection image) 210 is distorted as upper left top-most vertices, 
and is projected that there is nothing. 

[0068] a projection image chooses from the exteriors, such as a user, in the projection image selection section 
114 — having (step 313) — in the assumption projection image generation section 1 15, a selection image is 
loaded from the projection image storage section 1 1 6, and the same assumption projection image as the 
projection image projected on plane of projection 101 is generated (step 314). 

[0069] Drawing 6 is drawing showing an assumption projection image. This assumption projection image is the 
same image as the projection image which is expressed by the screen coordinate system and projected on a 
screen. It is expanded or reduced and the selection image 501 is arranged so that it may be in agreement with 
upper left top-most vertices in the point 208 directing [ projection ], and so that the whole may be settled in the 
field of the projection light 210. 

[0070] Next, in the plane-ofn^rojection-ed [ screen-] coordinate transformation section 1 1 7, the assumption 
projection image of the screen coordinate system expression shown in drawing 6 is made a projected system-of- 
coordinates expression with the plane-of-projection-ed [ screen-] coordinate transformation parameter M, and a 
projected image is generated (step 315). 

[0071] and this projected image — the projection section 113 projecting (step 316) — a projection image 
without the same configuration as an assumption projection image and positioned distortion, is formed on plane of 
projection 101. 

[0072] Next, processing of step 313 - step 316 is repeated until projection termination is chosen from the 
exteriors, such as a user, (step 317). 

[0073] In addition, although the gestalt of above-mentioned operation explained the case where the number of the 
points 208 directing [ projection ] was one, in addition as two points 208 directing [ projection ] show the left part 
of the selection image 501, not only the projection location but a projection scale can also be directed. 
,.J0074]- Drawing.7J s drawing .showing the. example which has arranged the selection image SOI ^. as the..segment-704~, 
defined at two points 208 directing [ projection ] and the left part of the selection image 501 are in agreement, r 
Here, drawing 7 (a) shows arrangement before of the selection image 501 , and drawing 7 (b) shows the 
arrangement back of the selection image 501. In the case of drawing 7 , aspect ratio x:y of the selection image 
501 from the first is held also on plane of projection 209. Moreover, directions which change aspect ratio x:y of 
the selection image 501 also become possible by setting the point 208 directing [ projection ] as three or more 
points. 

[0075] Drawing 8 is drawing showing the example which has arrahged the selection image 501, as the segment 701 
defined at three points 208 directing [ projection ], the left part of the selection image 501, and a segment 801 
and the base of the selection image 501 are in agreement. Here, drawing 8 (a) shows arrangement before of the 
selection image 501, and drawing 8 (b) shows the arrangement back of the selection image 501 . the case of 
drawing 8 — aspect ratio x:y of the selection image 501 from the first — the ratio x of a segment 701 and a 
segment 801 — it is changed and projected on ':y'. Conversion of the selection image 501 in modification of this 
aspect ratio is realizable by easy linear transformation. Moreover, directions which change the configuration of a 
selection image are also attained by setting up four or more points 208 directing [ projection ]. 
[0076] Drawing 9 is drawing which performed deformation arrangement so that it might be in agreement in four 
top-most-vertices locations of four points 208 directing [ projection ] and the selection image 501 . Here, drawing 
9 (a) shows arrangement before of the selection image 501, and drawing 9 (b) shows the arrangement back of the 
selection image 501. Conversion of a form status change as shown in drawing 9 , and also the selection image 501 
to attach .can be performed using, nonlinear conversion of warping etc. 

[0077] As mentioned above, according to the gestalt of this operation, by having the image pick-up section 102 
for calibration processing, and the calibration processing activation section, it can be distorted in the location 



according to a setup from the outside, sucli as a user, and a selection image can be projected on it that there is 
nothing. . ; . . 

[0078] In addition, although the gestalt of this operation explains to the example the equipment which is distorted 
and projects the projection image (selection image) which was accumulated in the projection image storage 
section 1 1 6, and was chosen by the user that there is nothing,, the. digital image inputted from the exterior is 
sufficient as a projection image. Thereby, if an A/D converter etc. is used, the projection which does not have 
distortion about the television signal which exists as an analog signal, either will be attained. 
[0079] Moreover, since measurement procedure, such as coordinate reading by the user, is unnecessary, 
positioning projection can be performed simply and the precision of positioning and distortion amendment can be 
improved. 

[0080] The gestalt of operation of the 2nd of this invention is explained below the <gestalt 2 of operation>, 
referring to a drawing. 

[0081] Drawing 1 0 is drawing showing an example of the configuration of the image projection equipment of this 
invention. In addition, in drawing 1 0 , the same sign is attached about the same configuration as drawing 1 . The 
image pick-up sections 102, such as a CCD camera with which the image projection equipment shown in drawing 
10 photos plane of projection 101. The mode input section 103 which receives mode directions in calibration 
mode, projection mode, etc. from the exteriors, such as a user. The switch 104 which outputs the analog image 
information photoed in the image pick-up section 102 when calibration mode is specified in the mode, input 
section 103, The A/D-conversion section 105 which performs the analog / digital (A/D) conversion of image 
information. The image memory 106 which accumulates, the digital image by which A/D conversion was carried, 
out, and the measure point extract section 107 which extracts measure point 101a from an image, and outputs 
the image pick-up side coordinate. The image pick-up side-screen coordinate conversion parameter estimation 
section 108 which presumes the conversion parameter between both system of coordinates (image pickup side- 
screen coordinate conversion parameter) from the image pick-up side coordinate of two or more extracted 
measure point 101a, and the screen coordinate on the plane of projection 101 of measure point 101a, Jhe circuit 
changing switch 1001 which changes the projection image in calibration mode and projection mode, The projection 
criteria image generation section 1002 which generates the projection criteria image used in calibration mode. The 
projection section 1 1 3 which projects the image specified and chosen from the exteriors, such as a user, An 
image processing extracts a projection reference point from the projection criteria image projected from the. 
projection section 1 13, and the image pick-up side coordinate is searched for. The projection reference point 
coordinate extract section 1 003 which changes the image pick-up side coordinate concerned into a screen 
coordinate with the image pick-up side-screen coordinate conversion parameter stored in the memory 112 
mentioned later. The screen coordinate of the projection reference point extracted in the projection reference 

, point. coordinate extract.section J 003, The plan e-of-projection-ed .[. screen-] coordinate -transformation 

parameter estimation section 1 004 which presumes the conversion parameter (plane-of^projection-ed [ screen-] 
coordinate transformation parameter) of a screen coordinate system and plane-of-projection-ed system of 
coordinates from the plane-of-projection-ed coordinate corresponding to an image pick-up side-screen 
coordinate conversion parameter and a projection reference point, The directing [ projection ] point coordinate 
measurement section 1 1 1 which extracts the image pick-up side coordinate of directing [ projection ] point 101b 
from an image, and outputs the screen coordinate using an image pick-up side-screen coordinate conversion 
parameter. The memory 112 which memorizes the screen coordinate value of a projection reference point, the 
screen coordinate value of directing [ projection light] point 101b, an image pick-up side-screen side conversion 
parameter, and a plane-of-projection-ed [ screen-] conversion parameter. The projection image selection section 
114 which chooses the image projected according to the input from the outside, such as a user, in projection 
nibde. The assumption projection image generation section 1 15 which generates the image (it expresses by the 
screen coordinate system) with which projection is assumed on plane of projection 101 from the profile square 4 
top-most-vertices coordinate of the projection light accumulated in memory 1 1 2, and a directing [ projection ] 
point coordinate. The projection image storage section 116 which accumulates the image chosen from the 
exteriors, such as a user. It has the plane-of^projection-ed [ screen-] coordinate transformation section 1 1 7 
which changes and outputs the assumption projection image expressed by the screen coordinate system to the 
projection image expressed by plane-of-projection-ed system of coordinates with the plane-of-projection-ed 
[ screen-] coordinate transformation parameter accumulated in memory 112. 

[0082] With the gestalt of this operation, in order to improve the presumed precision of a plane-of-projection-ed 
[ screen-] coordinate transformation parameter, the presumed precision in the least square method is raised by 
projecting a projection criteria image and using the coordinate value of the projection reference point of four or 



more points. 

[0083] Drawing 1 1 is drawing which projected the projection criteria innage 1 101 which has the projection 
reference point 1 102 of four or more points on plane of projection 209. 

[0084] Hereafter, actuation of the image projection equipment by the gestalt of this operation is explained. 
[0085] Drawing 1 2 is a flow chart which shows actuation of the image projection equipment by the gestalt of this 
operation. Here, in drawing 1 2 , the same step number is attached about the step which performs the same 

processing as drawing 3 . . 

[0086] The actuation in calibration processing (step 301 - step 31 1) is explained to the beginning, first, in the 
mode input section 103. calibration mode sets up by a user's input — having (step 301) — a circuit changing 
switch 1001 operates and the projection section 113 projects the projection criteria image 1 101 ( drawing 1 1 ) 
generated in the projection criteria image generation section 1002 (step 1201). 

[0087] Next, a photograph is taken so that the image pick-up section 102 may contain the projection criteria 
image 1101 altogether (step 303). 

[0088] Next, after inputting the photoed image into the A/D-conversion section 105 from a switch 104 and 
carrying out A/D conversion in the A/D-conversion section 105, it stores in an image memory 106 as a digital 
image. 

[0089] Next, in the measure point extract section 107, the image pick-up side coordinate (xc, yc) of a measure 
point is extracted (step 304). and processing of step 304 is repeated until an extract is completed about all the 
measure points 211 (step 305). 

[0090] Next, in the image pick-up side-screen coordinate conversion parameter estimation section 108. the 
conversion parameter between an image pick-up side coordinate and a screen coordinate is presumed (step 306), 
and it stores in memory 112. 

[0091] Next, in the projection reference point coordinate extract section 1003, an image processing extracts all 
the picturized projection reference points 1102, and the image pick-up side coordinate (xc2, yc2) is searched for. 
And those image pick-up side coordinates (xc2, yc2) are changed into a screen coordinate (Xw2, Yw 2 and 0) with 
an image pick-up side-screen coordinate conversion parameter (step 1202), and it stores in memory 1 12, and 
outputs to the plane-of^projection-ed [ screen-] coordinate transformation parameter estimation section 1 004. 
And processing of step 1202 is repeated until the processing about all the projection reference points 1 102 is 
completed (step 1 203). In addition, discernment of a measure point 21 1 , the point 208 directing [ projection ], and 
the projection reference point 1 102 is good to carry out by changing a color, a configuration, etc. of each point. 
[0092] Next, in the plane-of-projection-ed [ screen-] coordinate transformation parameter estimation section 
1 004, the conversion parameter between a screen coordinate system and plane-of-projection-ed system of 
coordinates is presumed using the projection reference point 102 (step 1204), and it stores in memory 112. The 
.,.value of..Xw2 and -Yw2 jnvthe. above-mentioned - 
section 1003. and since it is a plane-of-projection-ed coordinate on the liquid crystal panel of the projection 
section 113, if the ratio of liquid crystal panel size and a projection criteria image is known, it can calculate easily 
the value of xp2 and yp2 in <a formula 5>. Therefore, if there are four or more projection reference points 1 102, a 
conversion parameter (M In <a formula 6» can be presumed with the least square method. 
[0093] next, the image pick-up side-screen coordinate conversion parameter which extracts the point 208 
directing [ projection ] by the image processing, searches for the image pick-up side coordinate (xc3, yc3), and is 
stored in membry 1 12 from the digital image in the directing [ projection ] point coordinate measurement section 
111 — using (xc3. yc3) — it changes into a screen coordinate (Xw3, Yw 3 and 0) (step 310), and stores in 
memory 112. 

[0094] Here, when there are two or more points 208 directing [ projection ], processing of step 310 is repeated 
(step 311). By arrangement of two or more of these points 208 directing [ projection ], a projection location, the 
aspect ratio of that projection, etc. can also be specified. ^ 

[0095] Processing of the above steps 310-311 turns into calibration processing. Next, projection processing is 
explained. 

[0096] in the mode input section 103, projection mode sets up by the input from the outside, such as a user. — 
having (step 312) — the circuit changing switch 301 which received the output signal which shows the projection 
mode from the mode input section 103 operates so that the output of the plane-ol^projection-ed [ screen-] 
coordinate transformation section 117 may be inputted into the projection section 113. and a projection image 
chooses in the projection image selection section 1 14 — having (step 313) — a projection image is projected by 
the projection section 113. 

[0097] a projection image chooses from the exteriors, such as a user, in the projection, image selection section 



114 — having (step 313) — in the assumption projection image generation section 1 15, a selection image is 
loaded from the projection image storage section 116, and the same assumption projection image as the 
projection image projected on plane of projection 101 is generated (step 314). . 

[0098] Next in the plane-of^projection-ed [ screen-] coordinate transformation section 117, the assumption 
projection image of the screen coordinate system expression shown in drawing 6 . is made a projected system-of- 
coordinates expression with the plane-of-projection-ed [ screen-] coordinate transformation parameter M, and a 
projected image is generated (step 315). 

[0099] and this projected image — the projection section 113 — projecting (step 316) — a projection image 
without the same configuration as an assumption projection image and positipned distortion is formed on plane of 
projection 101. 

[0100] Next, processing of step 313 - step 316 is repeated until projection termination is chosen from the 
exteriors, such as a user, (step 317). 

[0101] In addition, although the gestalt of this operation explains to the example the equipment which is distorted 
and projects the projection image (selection image) which was accumulated in the projection image storage 
section 1 1 6, and was chosen by the user that there is nothing, the digital image inputted from the exterior is 
sufficient as a projection image. Thereby, if an A/D converter etc. is used, the projection which does not have 
distortion about the television signal which exists as an analog signal, either will be. attained. 
[0102] As mentioned above, according to the gestalt of this operation, by having the image pick-up section 102 
for calibration processing, and the activation section of calibration processing, the assignment precision of a 
projection location can improve sharply and can improve the precision of projection distortion amendment sharply. 
[0103] Moreover, since measurement procedure, such as coordinate reading by the user, is unnecessary, 
positioning projection can be performed simply and the precision of positioning and distortion amendment can be 
improved sharply. 

[0104] The gestalt of operation of the 3rd of below <gestalt 3 of operation> this invention is explained referring to 
a drawing. 

[0105] Drawing 13 is drawing showing an example of the configuration of the image projection equipment of this 
invention. In addition, in drawing 1 3 , the same sign is attached about the same configuration as drawing 1 . The 
image pick-up sections 102, such as a CCD camera with which the image projection equipment shown in drawing 
13 photos the plane of projection 101 where the projection rectangle side 1301 of the rectangle which specifies a 
projection location and a projection field is projected, The mode input section 103 which receives mode directions 
in calibration mode, projection mode, etc. from the exteriors, such as a user. The switch 104 which outputs the 
analog image information photoed in the image pick-up section 102 when calibration mode is specified in the 
mode input section 103, The A/D-converslon section 105 which performs the analog / digital (A/D) conversion of 
. Jmage informationvrThe image memory. 1Q6. which accumulates the: digital image.by. whiph^D, conversion was,^. 
carried out, and the projection rectangle plane peak point sampling section 1302 which extracts four top-most 
vertices of the projection rectangle side 1301 from a digital image, and outputs, the image pick-up side coordinate. 
The image pick-up side-screen coordinate conversion parameter estimation section 1 303 which presumes the 
conversion parameter between both system of coordinates (image pick-up side-screen coordinate conversion 
parameter) from the screen coordinate on the plane of projection 101 of the four top-most vertices and top-most 
vertices of the extracted projection rectangle side 1 301 . The projection light top-mos;t-vertices extract section 
109 which extracts the image pick-up side coordinate of four top-most vertices of the projection rectangle side 
1301, and changes and outputs these image pick-up side coordinate to a screen coordinate with an image pick-up 
side-screen coordinate conversion parameter. The screen coordinate of four top-most vertices extracted in the 
projection light top-most-vertices extract section 109, The plane-of-projection-ed [ screen-] coordinate 
transformation parameter estimation section 110 which presumies the conversion parameter (plane-of^projection- 
ed [ screen-] coordinate transforrhation parameter) of a screen coordinate system and plane-of-projection-ed 
system of coordinates from the plane-of-projection-ed coordinate corresponding to an image pick-up side- 
screen coordinate conversion parameter and these four top-most vertices, The image pick-up side coordinate of 
the projection rectangle side 1301. and the directing [ projection ] point coordinate measurement section 1304 
which measures a directing [ projection ] point coordinate from a screen coordinate using an image pick-up side- 
screen coordinate conversion parameter, The memory 1 1 2 which memorizes the screen coordinate value of four 
top-most vertices of the projection rectangle side 1301, the screen coordinate value of the projection rectangle 
side 1301. an image pick-up side-screen side conversion parameter, and a plane-of-projection-ed [ screen-] 
conversion parameter, The projection section 113 which projects the image specified and chosen from the 
exteriors, such as a user, The projection image selection section 1 14 which chooses the image projected 



according to the input from the outside, such as a user, in projection mode, The assumption projection image 
generation section 115 which generates the image (it expresses by the screen coordinate system) with which 
projection is assumed on plane of projection 101 from 4 top-most-vertices coordinates of the; projection 
rectangle side 1301 accumulated in memory 112. The projection image storage section 116 which accumulates 
the image chosen from the exteriors, such as a user. It has the plane-of-projection-ed t screen-] coordinate 
transformation section 117 which changes and outputs the assumption projection image expressed by the screen 
coordinate system to the projection image expressed by plane-of-projection-ed system of coordinates with the 
plane-o1^projection-ed [ screen-] coordinate transformation parameter accumulated in memory 112. 
[0106] The projection rectangle side 1301 whose relative physical relationship of all the top-miost vertices (four 
top-most vertices) arranged on plane of projection 101 in above-mentioned image projection equipment is known 
By projecting a selection image, where it lapped completely (for example, on the form of predetermined sizes, 
such as A3 size and B3 size, etc.) or an aspect ratio is maintained in the rectangle It treats as the measure point 
in a gestalt and the point directing [ projection ] of the 1st operation of a **** [ four top-most vertices of the 
projection rectangle side 1301 ], and calibration processing and projection processing are performed. 
[0107] Hereafter, actuation of the image projection equipment in the gestalt of this operation is explained. 
[0108] Drawing 14 is a flow chart which shows actuation of the image projection equipment by the gestalt of this 
operation. Here, in drawing 1 4 , the same step number is attached about the step which performs the same 
processing as drawing 3 . 

[0109] The actuation in calibration processing (step 301 - step 1404) is explained to the beginning, first, in the 
mode input section 103, calibration mode sets up by the input from the outside, such as a user, .— having (step 
301) — a photograph is taken so that the image pick-up section 102 may include all floodlighting fields, where the 
projection section 113 is floodlighted (step 302) (step 303). 

[01 10] Next, the image by photography is inputted into the A/D-conversion section 105 from a switch 104, and 
A/D conversion is carried out in the A/D-conversion section 1 05, and it is stored in an image memory 1 06. 
[0111] Drawing 1 5 is drawing showing the example of the image photoed by plane of projection 209. In drawing 15 . 
the projection light 210 is projected on plane of projection 209 and the projection rectangle side 1301. Actuation 
of the image projection equipment by the gestalt of this operation is henceforth explained using this drawing 1 5 . 
[01 12] Next, in the projection rectangle side extract section 1302, an image processing extracts the top-most 
vertices of the projection rectangle side 1301 from the image shown in drawing 1 5 , the image pick-up side 
coordinate (xc, yc) is stored in memory 112, and it outputs to the image pick-up side-screen coordinate 
conversion parameter estimation section 1303 (step 1401). And if it confirms whether the extract was completed 
(step 1402) and has not completed about all four top-most vertices, processing of step 1401 is repeated. The 
image pick-up side coordinate (xc, yc) of four top-most vertices can be acquired by asking for the straight-line 
equatipn.ofeach:side-of the profile square of the projection rectangle-side. 1301, by JHough.con version etc.^ and t.^-:.^^ 
asking for the intersection of the four straight lines. - 

[01 13] Next, in the image pick-up side-screen coordinate conversion parameter estimation section 108, the 
conversion parameter between an image pick-up side coordinate and a screen coordinate (image pick-up side- 
screen coordinate conversion parameter) is presumed from four top-most vertices of the projection rectangle 
side 1301 (step 1403), and this image pick-up side-screen coordinate conversion parameter is stored in memory 
1 1 2. Thus, the conversion parameter line train L shown in the <formula 4> mentioned above can be presumed. 
[0114] Next, in the projection light top-mbst-vertices extract section 109, all the screen coordinates of four top- 
most vertices of the projection light 210 are computed (step 307 and step 308), and it stores in memory 112. 
[0115] Next, in the plane-of^projection-ed [ screen-] coordinate transformation parameter estimation section 
110, the conversion parameter between a screen coordinate system and plane of projection-ed is presumed using 
four top-most vertices of the projection light 210 (step 309). arid it stores in memory 112. 
[01 16] Next, in the directing [ projection ] point coordinate measurement 1304. it changes into a screen 
coordinate (Xw3, Yw 3 and 0) using the image pick-up side-screen coordinate conversion parameter in which the 
coordinate (xc2, yc2) of four top-most vertices of the projection rectangle side 1301 which is acquired at step 
1401 and stored in memory 1 12 is similarly stored by memory 112 (step 1 404), and stores in memory 1 12 by 
making this into the point directing [ projection ]. The above serves as calibration processing. 
[01 17] Hereafter, about projection processing (step 312 - step 317), processing which showed four top-most 
vertices of the projection rectangle side 1301 acquired at the above-mentioned step 1404 to drawing 3 by 
treating as a point directing [ projection ], and same processing can be performed. 

[01 18] in the mode input section 103, projection mode is set up by the input from the outside, such as a user, 
(step 312), and a projection image chooses in the projection image selection section 114 — having (step 313) — 



pass transform processing — a projection image is projected by the projection section 113. 

[01 19] moreover, a projection image chooses from the exteriors, such as a . user, in the projection image selection 
section 114 — having (step 313) — in the assumption projection image generation section 115, a selection image 
is loaded from the projection image storage section 116, and the same assumption projection image as the 
projection image projected on plane of projection 101 is generated (step 314). . . 

[0120] Next, in the plane-of-projection-red [ screen-] coordinate transformation section 117, the assumption 
projection image of the screen coordinate system expression shown in drawing 6 is made a projected system-of- 
coordinates expression with the plane~of-projection-ed [ screen-] coordinate transformation parameter M, and- a 
projected image is generated (step 315). 

[0121] and this projected image — the projection section 1 13 — projecting (step 316) — a projection image 
without the same configuration as an assumption projection image and positioned distortion is formed on plane .of 
projection 101. 

[0122] Next, processing of step 313 - step 316 is repeated until projection termination is chosen from the 
exteriors, such as a user, (step 31 7). 

[0123] In addition, although the gestalt of this operation explains to the example the equipment which is distorted 

and projects the projection image (selection image) which was accumulated in the projection image storage . 

section 1 1 6, and was chosen by the user that there is nothing, the digital image inputted from the exterior is 

sufTicient as a projection image. Thereby, if an A/D converter etc. is used, the projection which does not have 

distortion about the television signal which exists as an analog signal, either will be attained. 

[0124] As mentioned above, although processed in the gestalt of this operation as the measure point 211 in a . 

gestalt 1 and the point 208 directing [ projection ] of operation of four top-most vertices of the projection 

rectangle side 1 301 , four points which serve both as a measure point 21 1 and the point 208 directing 

[ projection ] may be arranged on plane of projection, without using the projection rectangle side 1301. 

[0125] As mentioned above, according to the gestalt of this operation, since it has the image pick-up section 102 

for calibration processing, and the activation section of calibration processing, it can be distorted on the specific 

rectangle field on plane of projection. 101, and a selection image can be projected that there is nothing. 

[0126] Moreover, since measurement procedure, such as coordinate reading by a user etc., is unnecessary, 

positioning projection can be performed simply and the precision of positioning and distortion amendment can be 

improved sharply. 

[0127] The 4th example of below <gestalt 4 of operation> this invention is explained referring to a drawing. 
[0128] Drawing 1 6 is drawing showing an example of the configuration of the image projection equipment of this 
invention. In addition, in drawing 1 6 . the same sign is attached about the same configuration as drawing 1 . The 
image pick-up sections 102, such as a CCD camera with which the image projection equipment shown in drawing 
d6 photos plana^pf projection J-04j.3:he. mpde/J 

mode, projection mode, etc. from the exteriors, such as a user. The switch 1 04 which, outputs the analog image . 
information photoed in the image pick-up section 1 02 when calibration mode is specified in the mode input 
section 103, The A/D-conversion section 105 which performs the analog / digital (A/D) conversion of image 
information, The image. memory 106 which accumulates the digital image by which A/D conversion was carried 
out, and the measure point extract section 107 which extracts measure point 101a from an image, and outputs 
the image pick-up side coordinate. The image pick-up side-screen coordinate conversion parameter estimation 
section 1 08 which presumes the conversion parameter between both system of coordinates (image pick-up side- 
screen coordinate conversion parameter) from the image pick-up side coordinate of two or more extracted 
measure point 101a, and the screen coordinate on the plane of projection 101 of measure point 101a. The image 
pick-up side coordinate of four top-most vertices of the profile square of the projection light projected from the 
projection section 113 is extracted. The projection light top-most-vertices extract section 109 which changes 
and outputs these image pick-up side coordinate to a screen coordinate with an image pick-up side-screen . 
coordinate conversion parameter, The screen coordinate of four top-most vertices extracted in the projection 
light top-most-vertices extract section 109, The plane-of-projection-ed [ screen-] coordinate transformation 
parameter estimation section 1 1 0 which presumes the conversion parameter (plane-of-projection-ed [ screen-] 
coordinate transformation parameter) of a screen coordinate system and plane-of^projection-ed system of 
coordinates from the plane-of-projection-ed coordinate corresponding to an image pick-up side-screen 
coordinate conversion parameter and these four top-most vertices, The directing [ projection ] point coordinate 
measurement section 1 1 1 which extracts the image pick-up side coordinate of directing [ projection ] point 101b 
from an image, and outputs the screen coordinate using an image pick-up side-screen coordinate conversion 
parameter, The memory 112 which memorizes the screen coordinate value of profile square 4 top-most vertices 



of projection light, the screen coordinate value of directing [ projection light ] point 101b, an image pick-up side- 
screen side conversion parameter, and a plane-of-projection-ed [ screen-] conversion parameter. The projection 
section 113 which projects the image specified and chosen from the exteriors, such as a user, The projection 
image selection section 114 which chooses the image projected according to the input from the outside, such as 
a user, in projection mode, The assumption projection image generation section 115 which generates the image (it 
expresses by the screen coordinate system) with which projection is assumed on plane of projection 101 fi^om the 
profile square 4 top-most-vertices coordinate of the projection light accumulated in memory 112, and a directing 
[ projection ] point coordinate, The projection image storage section 1 1 6 which accumulates the image chosen 
from the exteriors, such as a user, The circumference color transducer 1 601 which changes the color of the 
periphery in which the selection image chosen from the exteriors; such as a user, in the assumption projection 
image outputted from the assumption projection image generation section 1 15 does not exist into the color which 
does not make light penetrate, for example, black etc.. The plane-of-projection-ed [ screen-] coordinate 
transformation section 117 which changes and outputs the assumption projection image of a screen coordinate 
system expression processed by the circumference color transducer 1601 to the projection image expressed by 
plane-of^projection-ed system of coordinates with the plane-of-projection-ed [ screen-] coordinate 
transformation parameter accumulated in memory 112, Preparation ******. 

[0129] In order to perform projection without aligned distortion without an ambient light part unrelated to the 
selection image which should be projected on this operation in a gestalt, projection processing which changes the 
color of the periphery in which a selection image does not exist in an assumption projection image into the color 
which does not make which black light penetrate is performed. 

[0130] Hereafter, actuation of the image projection equipment in the gestalt of this operation is explained. 
[0131] Drawing 17 is a flow chart which shows actuation of the Image projection equipment by the gestalt of this 
operation. Here, in drawing 17 , the same step number is attached about the step which performs the same 
processing as drawing 3 . 

[01 32] Here, about actuation of calibration processing (step 301 - step 31 1), it can consider as- the completely 
same actuation as the gestalt 1 ( drawing 3 ) of above-mentioned operation, that is, in the mode input section 103, 
calibration mode sets up by the input from the outside, such as a user, first — having (step 301 ) — a photograph 
is taken so that the image pick-up section 102 may include all floodlighting fields, where the projection section 
1 1 3 is floodlighted (step 302) (step 303). 

[0133] In order that the mode input section 103 may change a switch 104 into ON condition, A/D conversion of 
the image photoed in the image pick-up section 102 is inputted and carried out to the A/D-conversion section 
105, and it is stored in an image memory 106 as a digital image. 

[0134] Next, in the measure point extract section 107, an image processing extracts the measure point 211 on 
- plane . of . prxuectiond:01-ft:om:the: digitaUmage:. stored in.the imagei^memoryJ.06,.and^the image pick-up..side^^- ; . .^.^^^ 
coordinate (xc. yc) is outputted (step 304). 

[0135] If it confirms whether all extracts were completed (step 206) and has completed about no measure points 
21 1 . processing of step 304 is repeated. 

[0136] Next, in the image pick-up side-^screen coordinate conversion parameter estimation section 108, the 
conversion parameter between an image pick-up side coordinate and a screen coordinate (image pick-up side- 
screen coordinate conversion parameter) is presumed from a measure point 21 1 (step 306), and this image pick- 
up side-screen coordinate conversion parameter is stored in memory 1 12. . » 
[0137] Next, in the projection light top-most-vertices extract section 109, from a digital image, an image 
processing extracts four top-most vertices of the profile square of the projection light 210, the image pick-up 
side coordinate (xc2, yc2) is searched for, and these image pick-up side coordinate is changed into a screen 
coordinate (Xw2, Yw 2 arid 0) with an image pick-up side-screen coordinate conversion parameter (step 307). 
[0138] This screen coordinate (Xw2, Yw 2 and 0) is stored in memory 112, and it outputs to the plane-of- 
projection-ed [ screen-] coordinate transformation parameter estimation section 1 10. Moreover, the image after 
processing is outputted to memory 1 1 2. And processing of step 307 is repeated until processing of all four top- 
most vertices is completed (step 308). 

[0139] Next, in the plane-of-projection-ed [ screen-] coordinate transformation parameter estimation section 
1 10, the conversion parameter between a screen coordinate system and plane-of-projection-ed system of 
coordinates (plane-of-projection-ed [ screen-] coordinate transformation parameter) is presumed using four top- 
most vertices (step 309), and it stores in memory 112. 

[0140] next, the image pick-up side-screen coordinate conversion parameter which extracts the point 208 
directing [ projection ] by the image processing, searches for the image pick-up side coordinate (xc3, yc3), and is 



stored in memory 1 1.2 from the digital image in the directing [ projection ] point coordinate measurement section 
111 — using (xc3, yc3) — It changes into a screen. coordinate (Xw3, Yw 3 and 0) (step 310), and stores in . 
memory 112. • 

[0141] Here, when there are two or more points 208 directing [ projection ]. processing of step 310 is repeated 
(step 31 1). By arrangement of two or more of these points 208 directing [ projection ], a projection location, the 
aspect ratio of that projection, etc. can also be specified. 

[0142] Processing of the above steps 310-31 1 turns into calibration processing. Next, actuation of projection 
processing (step 312 - step 317) is explained. 

[0143] in the mode input section 103, projection mode is set up by the input from the outside, such as a user, 
(step 312), and a projection image chooses in the projection image selection section 114 — having (step 313) — 
pass transform processing — a projection image is projected. 

[0144] Drawing 1 8 is drawing showing signs that the projection image was projected on plane of projection. As 
shown in drawing 18 , in the point 208 directing [ projection ], the projection light (projection image) 210 is 
distorted as upper left- top-most vertices, and is projected that there is nothing. Unlike the case where it is shown 
in above-mentioned drawing 5 , in drawing 18 , the periphery of the selection image 501 becomes the same color 
as the part equivalent to which light does not penetrate and the projection light 210 has not been on plane of 
projection 209. 

[0145] thus, a projection image chooses from the .exteriors, such as a user, in the projection image selection 
section 1 14 — having (step 313) — in the assumption projection image generation section 1 15, a selection image 
is loaded from the projection image storage section 116, and the same assumption projection image as the 
projection image projected on plane of projection 101 is generated (step 314). 

[0146] Next, the circumference color transducer 1601 changes the color of the part in which the selection image 
501 in an assumption projection image does not exist into the color which does not make which black light 
penetrate (step 1701). 

[0147] In the plane-of-projection-ed [ screen-] coordinate transformation section 117, the assumption projection 
image of a screen coordinate system expression is made a projected system-of-coordinates expression with the 
plane-of-projection-ed [ screen—] coordinate transformation parameter M, and a projected image is generated 
(step 315). 

[0148] and this projected image — the projection section 113. — projecting (step 316). — a projection image 
without the same configuration as an assumption projection image and positioned distortion is formed on plane of 
projection 101. 

[0149] Next, processing of step 313 - step 316 is repeated until projection termination is chosen frorn the 
exteriors, .such as a user, (step 317). . 
.i.[0150].Jn.addition,jalthough..the..gestalt:of this operation explains.±o,the..example..the:Bquipnient..whic 
and projects the projection image (selection image) which was accumulated in .the projection image storage 
section 1 16, and was chosen by the user that there is nothing, the digital image inputted from the exterior is 
sufficient as a projection image. Thereby, if an A/D converter etc. is .used, the projection, which does not have 
distortion about the television signal which exists, as an analog signal, either will be attained. 
[0151] Moreover, although the gestalt of this operation shows the example which changes the color of the 
periphery in which a projection image does not exist in an assumption projection image by the circumference 
color transducer 1601 into the color which does not penetrate which black light, other, colors which ainried at the 
color and the design effectiveness of a screen color and the same color are sufficient as the color of a periphery. 
[0152] As mentioned above, although the gestalt of this operation was explained, the gestalt of this operation is 
applicable to all* of the gestalten 1-3 of operation mentioned above.. 

[0153] As mentioned above, projection which operated orthbpedically and positioned the useless field where a 
projection light part does not exist by having the circumference color transducer. 1601 which changes the color of 
the part in which the image specified from the outside, such as a user, among the fields of projection light does 
not exist into the color which light does not penetrate according to the gestalt of this operation, and amended 
distortion can be carried out. 

[0154] Moreover, since measurement procedure, such as coordinate reading of a user etc., is unnecessary, it can 
position simply, and can project and the precision of positioning and distortion amendment can be raised sharply. 
[0155] The 5th example of below <gestalt 5 of operation> this invention is explained referring to a drawing. 
[0156] Drawing 1 9 is drawing showing an example of the gestalt of operation of the image projection equipment of 
this invention. In addition, in drawing 19 , the same sign is attached about the same configuration as drawing 1 . 
The image pick-up sections 1 02, such as a CCD camera with which the image projection equipment shown in 



drawing 1 9 photos plane of projection 101, The mode input section 103 which receives mode directions in 
calibration mode, projection mode, etc. from the exteriors, such as a user, The switch 104 which outputs the 
analog Image information photoed in the image pick-up section 1 02 when calibration mode is specified in the 
mode input section 103, The A/D-conversion section 105 which performs the analog / digital (A/D) conversion of 
image information, The image memory 1 06 which accumulates the digital image by which A/D conversion was 
carried out. and the measure point extract section 107 which extracts measure point 101a from an image, and 
outputs the image pick-up side coordinate, The image pick-up side-screen coordinate conversion parameter 
estimation section 108 which presumes the conversion parameter between both system of coordinates (image 
pick-up side-screen coordinate conversion parameter) from the image pick-up side coordinate of two or more 
extracted measure point 101a, and the screen coordinate on the plane of projection 101 of measure point 101a, 
The image pick-up side coordinate of four top-most vertices of the profile square of the projection light projected 
from the projection section 1 13 is extracted. The projection light top-most-vertices extract section 109 which 
changes and outputs these image pick-up side coordinate to a screen coordinate with an image pick-up side- 
screen coordinate conversion parameter. The screen coordinate of four top-most vertices extracted in the 
projection light top-most-vertices extract section 1 09, The plane-of-projection-ed [ screen-] coordinate 
transformation parameter estimation section 1 10 which presumes the conversion parameter (plane-of-projection- 
ed [ screen-] coordinate transformation parameter) of a screen coordinate system and plane-of-projection-ed 
system of coordinates from the plane-of-projection-ed coordinate corresponding to an image pick-up side- 
screen coordinate conversion parameter and these four top-most vertices, The directing [ projection ] point 
coordinate measurement section 1 1 1 which extracts the image pick-up side coordinate of directing [ projection ] 
point 101b from an image, and outputs the screen coordinate using an image pick-up side-screen coordinate 
conversion parameter, The memory 1 1 2 which memorizes the screen coordinate value of profile square 4 top- 
most vertices of projection light, the screen coordinate value of directing [ projection light] point 101b, an image 
pick-up side-screen side conversion parameter, and a plane-of-projection-ed [ screen-] conversion parameter, 
The projection section 113 which projects the image specified and chosen from the exteriors, such as a user, The 
projection image selection section 1 1 4 which chooses the image projected according to the input from the outside, 
such as a user, in projection mode, The assumption projection image generation section 1 15 which generates the 
image (it expresses by the screen coordinate system) with which projection is assumed on plane of projection 101 
from the profile square 4 top-most-vertices coordinate of the projection light accumulated in memory 1 1 2, and a 
directing [ projection ] point coordinate, The projection image storage section 1 1 6 which accumulates the image 
chosen from the exteriors, such as a user, The plane-of^projection-ed [ screen-] coordinate transformation 
section 1 1 7 which changes and outputs the assumption projection image expressed by the screen coordinate 
system to the projection image expressed by plane-of-projection-ed system of coordinates with the plane-of- 
. projectionred-.[ screen-] coordinate transformation .parameterAaccumulated^ini^ 
section 1901 which makes the same each optical axis of the image pick-up section 102 and the projection section 
113. 

[0157] Even if plane of projection 101 is arranged in which location by making the same the optical axis of the 
image pick-up section 102 and the projection section 1 13 in a gestalt at this operation, it is not necessary to 
change the image pick-up field of the image pick-up section 102. 

[0158] In addition, actuation of the image projection equipment in the gestalt of this operation is the same as the 
actuation shown in drawing 3 of the gestalt 1 of operation mentioned above. 

[0159] In addition, although the gestalt of this operation explains to the example the equipment which is distorted 
and projects the projection image (selection image) which was accumulated in the projection image storage 
section 1 1 6, and was chosen by the user that there is nothing, the digital image inputted from the exterior is 
sufficient as a projection image. Thereby, if an A/D converter etc. is used, the projection which does not have ■ 
distortion about the television signal which exists as an analog signal, either will be attained. 

[0160] As mentioned above, according to the gestalt of this operation, a projection optical axis and an image pick- 
up optical axis can be made in agreement, and it is not necessary to change an image pick-up field by forming the 
half mirror section 1 901 . according to the arrangement location of plane of projection 1 01 , For this reason, initial 
setting, such as a pan of the image pick-up section 102, a tilt, and zoom control, became unnecessary, and 
convenience improved more. 
[0161] 

[Effect of the Invention] As mentioned above, according to the image projection equipment and the image 
projection approach of this invention, projection light was photoed in the image pick-up section, since the 
coordinate transformation parameter between plane of projection and the plane of projection-ed in the projection 



section was presumed from the photography image, it can be distorted in the projection location set as arbitration, 
and the selection image could be projected that there is nothing. 

[01 62] Moreover, since measurement procedure, such as coordinate reading before projection, was unnecessary, 
it can position simply, and can project and the precision of positioning and distortion amendment could be 
improved sharply. 

[0163] Moreover, the image without useless projection **** operated orthopedically could be projected, being 
able to perform positioning projection simply and raising the precision of positioning and distortion amendnrjent by 
changing the color of the periphery of a selection projection image into the color which light does not penetrate. 
[01 64] Moreover, since the half mirror section was prepared and a projection optical axis and an image pick-up 
optical axis were made in agreement, it is not necessary to change an image pick-up field according to the 
arrangement location of plane of projection, Initial setting, such as a pan of the image pick-up section, a tilt, and 
zoom control, becomes unnecessary, and convenience could be improved more. 



[Translation done.] 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2j^^¥^ shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the configuration of the image projection equipment of this invention. 
[Drawing 2] It is drawing showing each system of coordinates in plane of projection, the image pick-up section, 
and the projection section. 

[Drawing 3] It is the flow chart which shows actuation of the image projection equipment of this invention. 

[Drawing 4] It is drawing showing an example of the image pick-up image in calibration mode. 

[Drawing 5] It is drawing showing an example of a projection image. 

[Drawing 6] It Is drawing showing an example of an assumption projection image. 

. [Drawing- 7] It. is drawing showing^the iexample -of projection in.the.case .of having.arranged-iwo pointsi directing. . 
[projection]. :• ' ■ 

[Drawing 8] It is drawing showing the example of projection in the case of having arranged three points directing 

[ projection ]. 

[Drawing 9] It is drawing showing the example of projection in the case of having arranged four points directing 

[projection]. ... 

[Drawing 10] It is the block diagram showing the configuration of the image projection equipment of this Invention. 

[Drawing 11] It is drawing showing an example of the image pick-up image in calibration mode. 

[Drawing 1 2] It is the flow chart which shows actuation of the image projection equipment of this invention. 

[Drawing 13] It is the block diagram showing the configuration of the image projection equipment of this invention. 

[Drawing 14] It is the flow chart which shows actuation of the image projection equipment of this invention. 

[Drawing 15] It is drawing showing an example of the image pick-up image in calibration mode. 

[Drawing 1 6] It is the block diagram showing the configuration of the image projection equipment of this invention. 

[Drawing 17] It is the flow chart which shows actuation of the image projection equipment of this invention. 

[Drawing 1 8] It is drawing showing an example of the projection in projection mode. 

[Drawing 19] It is the block diagram showing the configuration of the image projection equipment of this invention. 
[Drawing 20] It is drawing showing the physical relationship and an example of projection distortion of plane of 
projection and plane of projection-ed. 

[Drawing 21] It is the block diagram showing the configuration of conventional image projection equipment. 
[Drawing 22] It is the flow chart which shows actuation of conventional image projection equipment. 
[Description of Notations] 
101. 209, 2001. 2101 Plane of projection 



101a, 211 Measure point 

101b, 208 Point directing [ projection ] 

102 Image Pick-up Section . . 

1 03 Mode Input Section 

104 Switch 

1 05 A/D-Conversion Section 

106 Image Memory 

107 Measure Point Extract Section 

108 1303 Image pick-up side-screen coordinate conversion parameter estimation section 

1 09 Projection Light Top-most-Vertices Extract Section 

110 1004 Plane-of-projection-ed [ screen-] coordinate transformation parameter estimation section 

111 1 304 Directing [ projection ] point coordinate measurement section 

1 1 2 Memory 

1 1 3, 2005, 21 03 Projection section 

1 1 4 Projection Image Selection Section 

1 1 5 Assumption Projection Image Generation Section 

1 1 6 Projection Image Storage Section 

117 Plane-of-Projection-ed [ Screen-] Coordinate Transformation Section 

201 Screen Coordinate System 

202 Projector System of Coordinates 

203 Plane-of-Projection-ed System of Coordinates 

204 Camera System of Coordinates 

205 Image Pick-up Side System of Coordinates 

206 Projector Focal Distance Fp 

207 Camera Focal Distance 

210 Projection Light Profile Square 
501 Selection Image ' 
701 801 Segment 

1001 Circuit Changing Switch 

1002 Projection Criteria Image Generating Section 

1003 Projection Reference Point Coordinate Extract Section 

1101 Projection Criteria Image 

1 1 02 Projection Reference Point 

1301:Projection Rectangle Side . ^ ..l^^ -uj-^-ivzUix:^^ ;i ;rc^^K;:..,.«r.%:r. 

1302 Projection Rectangle Plane: Peak Point. Sampling Point 

1 601 Circumference Color Transducer 
1 901 Half Mirror Section 

2002 Projection Lens 

2003 Plane of Projection-ed (Liquid Crystal Panel) 

2004 Projection Image 
2102 Computer ^Apparatus* 
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